




THE 


PRINCIPLES AN 


BREW 


WALTER J. SYKES, jM.D., D.P.H., RI.C., 

Ei)iTOR OF The A nalyst. 


Iplatc anti flumrrous CHuatrationB. 



LONDONS 

CHARLES GRIFFIN AND COMPANY, Limited: 

EXETER STREET, STRAND. 

1897. 

[All rights rcservcd.'\ 


NO'i-'' 




TO 

EMIL CHRISTIAN IfANSEN, 

I-KINCII’M. UK THK CAKKsnFK(; I,A UO f< A I UKI C M , 
CcHK.NHAtillN, 

T II I S W O R K IS 

IDebicatcb 

IN TOKEN O F 

ADMIRATION, RESPECT, AND ESTEEM; 

also in recognition of the immense service which he has conferred 
on the Fermentation Indi/stries by his researches, more 
especially by those which led to the introduction 
into actual practice of pure yeast cultures 
derived f rom one single cell. 




P]{EFACE. 


Amonc^ the Mchievemeiits of the latter half of the pre- 
sent century, few have been fraught with more beneficial 
consequences than the ])ractical application of the deduc- 
tions of science to manufacturing operations. Nearly every 
important industry lias passed from the empirical to the 
scientific stage. This revolution has not been efiected at 
a leap, but has lioen of relatively slow growth. Much 
})rejudice had to be overcome, and for a lon^ time the 
intervention of science was regarded with considerable 
mistrust. I’erhaps in no other industry was this the 
case more than in that of lu’ewing. Now all this is 
changed ; the benefits which .science is able to confer are 
generally recognised ainl appreciated, and where science 
was formerly rei)ulsed, she is now welcomed with open 
arm.s. That this is true with regard to the fermentation 
industries, is shown l)y the number of Institutions which 
have arisen in difierent parts of the world, during the last 
ten years, with the object of investigating the laws which 
govern the processes and operations carried on in malting, 
brewing, distilling, Ac. In our own country, which has been 
one of the most backward in this respect, we have seen the 
founding of the Institute of I brewing and other kindred 
Institutions, which, together with their conjoint Journal, pay 
considerable attention to the scientific aspect of brewing. 

During this short period an enormous amount. of experi- 
mental investigation has taken place, the records of which 
are scattered over a vast amount of literature. It is the 
object of the present work to bring together, witliiii the 
limits of a volume of a liandy size, the salient points of 
this mass of literature, and to present, as it were, a bird's- 
eye view of the science and art of brewing. 
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The two fundamental principles on which so much de- 
pends, viz., the action of diasta.se on starch, and the alcoholic 
fermentation caused by yeast, liave been treated at con- 
siderable length, and as far as possible in historic sequence, 
so as to present the.se subjects to the reader in the most 
interesting form. In the Chemical portion of the book 
an attempt has been made to classify the substances used 
by brewers, ami those appertaining to the science of Brew- 
ing, in a systematic form consonant with the arrangement 
generally adopted in modern works on organic chemistry. 
Chapters on the Physics of brewing, such as heat and 
ilensity, are also included. Considerable space has been 
allotted to a description of elementary Biology, a subject of 
great importance to the ]>rewer, but one wliicli has been 
strangely neglected in most works i.n brewing. The general 
methods pf bacteriological research are also given, and a 
chapter is devoted to instructions for the use of the micro- 
scope, without the aid of which instrument bacteriology 
and the culture of pure yeast would l»e an impo.ssil)ility. 
The interj)retatiun of llie results f>f the analysis of the 
materials used in brewing lias been given, but tlie analytical 
methods of testing them have been omitted, as they would 
have made the hook to<j volumimais, ami constitute in them- 
selves a subject suflieieiitly large to form a .separate treatise. 

In the practical portion of the work, the general methods 
employed in Malting and Brewing are given, hut it is evi- 
dently impossible to include all the* minor details, since these 
differ in almost every hrewerv, ami can only he learned by 
actual experience' in the brewery itself. The author trusts 
that the work will be found not only useful to tho.se who 
are commencing a brewing career, and for whom it is 
primarily intended, but also to older, practical men who 
may he desirous of increasing their knowledge of tlio 
scientific side of brewing. 

With the.se objects in view, he has attempted to present 
each subject in as lucid and intelligible a manned as po.ssible, , 
often, it is to be feared, at the sacrifice of literary elegance. 
Numerous references are given throughout the work solely 
for the benefit of tho.se who wish to enlarg“e their knowledge 
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of any particular subject ; in the great majority of cases 
these liave been verified from the originals, and the re- 
mainder have invariably been taken from reliable sources. 

The author would here express his indebtedness to 
many friends for much kind assistance in the compilation of 
the work, particularly to .Mr. John Marriott and Mr. Harris 
S. Ikaman, who have revised, resi)ectively, the sections on 
Practical Malting and Practical Prcwiiig; also to Mr. A. 
Ashe for kindly looking over the microscopjc-al portion, 
and to Mr. Arthur P. Ling (K<litor of tlie Journal of the 
Feilcrati'd Institutrii of ]lreu:lii<f),ii\K\ Mr. Charles A. Mitchell 
for assistance in correcting the tuaxJs. A few of the illus- 
trations ill the bacteriological portion arc from 1 Jocks lent 
by Mr. C. Gerhardt, of the Chemical Instrument Eeiiodtory, 
Bonn, and some of those of brewery utensils are su[)plied by 
Messrs. Llewelyn v'c James of Bristol. 


WALTEK J. SYKES, M.D. 


ClloYDON, Auijust^ 
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THEORETICAL AND PRACTICAL 

TREATISE OX lUIEWIXG. 


INTRO DUCT [UN. 

Thk priiicijilc.s involved in the ])ro(M‘s.ses of niulliiio and hrewing fall 
under the tliree scientitic heaths of IMiysies, (dieniistry, ami Biology. 

To the lir.st of these categories helong all such o[)eratinns as the 
heating, evaporation, and freezing of water, in whieli no chemical 
eliange is prodm.'etl, hut simply an alteration of its physical state ; 
also all tliose operations whieli are of a purely mechanical nature, 
such as the raising of water hy pumps, the sorting and cleansing 
of harley, X'c. * 

hauler tlie sect»nd h(‘a<l art* inelmh'tl all those processes in which 
a clit»mieal change is hrtmght ahout in soim* of the mattuials em- 
ployed, To tht'se the ttperation of mashing hehtngs, in which the 
slarcli of the malt is sti [iroft>umlly im^lilietl that it m> Itinger texists 
as such, l)ut is imdamorjihost'tl hy tiie agency of the unorganised 
(‘iizyme tliastase into sugar ami tither bodies that tliller consider- 
ahly in chemical etunposititui frtuii the original starch, and, con- 
se([uently, possess entirely tlitl’erent propt'rties. 

To tile, tliinl category helong those prota'.sses in which eheniit'al 
changes are ellectetl Uirough tlie agency t>f life, either in organisms 
or hy their aiil. Of such a nature is the ]»rocess of malting, in 
which, during the germination I'f the harhw, profound chemical 
changes are hrought about in tlie constituents of the barleycorn 
Ijy vital agency. So, also, in the fermentation of wort, which 
is etfecti'd through tin* instrumentality of the living organism 
“ yeast,” whereby the sugar «if tlie wort is conv«‘rted into a series 
of liodies, alcohol, carbon dioxitle, iVc., entirely ditferent in their 
properties from tlie original sugar. 

The broad lines on whieli the operations of malting and brew- 
ing are based had been fixed by practical experience long before 
anything was known of the scientitic principles underlying the 
methods employed, and a number of ruhis gradually came to lie 
formulated, by the observance of which the brewer was enabled, 
although ^le might possess no scientitic knowledge, to carry on his 
operations with a greater or less degree of success. But the 
brewer who worked under such conditions was little better than 
an animated machine ; lie simply followed a certain routine, and 
knew nothing whatever of the why and wherefore of the various 
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processes goini^ on around him. So long as circninstanees ^vere 
favourable, and everything went on smoothly, he obtained good 
results : but when some trilling irregularity occurreil in the mani- 
pulation of tlie highly sensitive materials lie enniloyed, then the 
whole brewing jirocess became disorganised, often with tin* effect 
of entailing serious pecuniary losses. In such a ca-e the non- 
scientitic lirewer is heljdess. As Uersch says, he is just as unable 
to detect the cause of his trouble, with a vi<‘w to its renuMly, as 
an (irdinaiv indivi<lual is to locate the fault in his watch when 
it has stopped from sonu* hidd**n cause. His attempts to Itring 
matters into^ their regular groove are merely the outconu' of so 
much conjecture ; he may by chance hit upon the right thing to 
do under the circumstam-es, or his endeavours may m ike matters 
still worse. Fortunately, this state <tf affairs is now almost a thing 
of the past : there is handy to in* found nowadays a brewer who 
d')es not ]M)S'-ess more or less knowledge (»f the principles involved 
in tin* daily routine (*f his work. 

It is the province nf science to afford an adeipiate explanation 
of the jjrinciples involve<l in those chemical and biological changes 
which take plaee in tin* materials dealt with in the process of 
brewing, and Ju't in pro’>ortion a- these j»rinciples l»c('ome under- 
stood and practically applied. s(t '\< j>recision and ceiiainty intro- 
duced int" actual Working, d he brewer who po>-»e>se> an intimate 
acjiiaintame with the juinciples g(.verning his l•perations is able 
to ni-ik'* allowances for variations in his materials and aliciations 
in his Working couditions; he is therefore in an inlinitely better 
p .dtioii to -ceure uniformly u'ood re.^ults than one who is onlv 

able to Work Iw rule of thumb. 

F.ut the theoreti<al cxplaiiatiou of the phenomena invi>lve<l in 
'ojiie ot the proce-^,-., employed iu the manufacture of malt and 
Ir'i-r lent into the iiio-t jeiondite, and, at times, into (juite un 
explored territ<pries of scientific imjuiry ; hen<’e, where this is the 
' M'O. ;ni ade(pi ite .-cif'iitifie explanati«.n of t 1 m* o})-er\i-(l ]»henomena 
1 " a- Vet unattainal»le ; ••on->e<pient ly, brewing >ifill remains to some 
ext'-nt an empirical art. lint as science, whi' h is now making 
iMpal .>tri'ies, progresses, so will the remnant of enijiiricisin uliicli 
>till r»uiiains di-appear froin iIm* brewery, and real definite scientific 
knowleilge, with its cono-fpient advantagi s, take its j>la( e. 

As brewing is a e.nnmeierd nmleitaking, tin* ))rewer wlm 
wi-'lies to l>e a ina.-ter of his bu.sinesH must J)om.s»*.ss, in addition 
to inueh scientific knowledge, a cornimTeial training. Hike every 
othe* workman, lie has to hamlle toofs, and thorough eflieieiiey in 
the use ()( those applian<’e.s in the brewery whieli in reality are liis 
tools ean only be obtaim*d by actual e,xpr*ri»*n('e in the lirij^werv ami 
iiialthou.se, hence the value of an apprentice«liip. It ia only the 
liarmonious lilendirig of theory with praetice that will enalile a 
brewer to carry on hi.s o|M;rationH with tliat enhanced degree <pf 
eertainty and with that economy which arc so renuisiUi in these 
day.s of keen competition. 



PART I. 


(.'HAPTKR 1. 

I’UVSKAL INVOLVED IX THE 

I’KOCESS OF KKEWlXiL 

HEAT. 

.Many cf llif pr()l.M^<ses which an* alisMhitMy iiidispensahle in the 
<']if‘rali'>n of ]ln•win^^ sucii as Ixahii^ir, (*vajH:)ratin<i, cooling, 
an* i‘irc<'lc<l through the ag«*ncv of heat. 

Definition of Heat, ll'-al may Im* dctiiietl as tliat agent 
whioh, when applied to the Innnaii htnly, prodiice.s tlic s(Ui.satioii 
of “ warmth ’’ «*r “l old. ’ The tondeiiey of all l)odies, when in 
eontael ^^•ilh one another. i> to a'>ume .a stale of eipiilihriniii 
as rogai'ds Inal, and when thi> siaif of rMpiilihriuiu ha.s been 
allained, lln-y are >aid to he of tin* same tomperature. Thms 
when We touch a body which is hotter than the temperaturi* 
of oiii- own hollies, it givf> otr heat to our hand, and cons«*- 
puciitly we feel the sen-aiioii of warmth; conversely, if the body 
loiichi'd be eoMer than o\ir.sclvc>. sonic of tin* heal of our hand 
pa»es to it. and we perceive the scn.s.ition of c<*ld, whicli is 
really the feeling catised by in-at passing away fnun our body. 
It must not ho suppos'd that any actual substance is transferred 
111 I'ither of these cases, hu* heal is not a material substance, but 
a state of movement in the impondi-rable ether which pervade.s 
all suhstaiU'es and all space. It is. however, exceedingly con- 
venient to speak of heat as if it were a material substance pa.ssing 
lioiii oin* bodv to .another, and om* whidi coinIuce.s much to siin- 
plif'ity in descrihing tin* phenomena of lieat. 

Conduction of Heat. If, while InTling the end tif a rod of 
' opper, w<‘ j)lace the other »*nd in tin* (lame <4 a spirit-lamp or 
other .souia'e of heal, we find that the whoh* rotl spi'edily l^ecomes 
hot that We can no longer liold it. If, howevi'r, we try a similar 
'■xieriment with a rod of gla.s.s, we find that the end which is 
opposite to that in the tiame never iMM'ome.s pen’«'ptibly hot, how- 
' ver long we may hold it. The rea.son for thfs i.s, that ('oj>per and the 
metftl.H Indoiig to that class of bodies whicli allow heat to pa.ss 
them readily, and are hence called good conductors;’’ 
"liilst gla.s.s belongs to tin* opposite «*las.s called “bad coiuluctoi's,’’ 
■^UK-e they only allow heat to pass along them with extreme ditliculty. 
llieso two propertie.s of Ixxlies are very frequently made use of in 
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the construction of l>r(nving utensils ; for instance, wlien the brewer 
wishes to juevent as imieh as j)ossihIe tlie loss of heat from liis 
steam-pipes, or from his masli-tun, if it is a metal one, he elotlu'S 
these portions of his a[)[)aratus with badly conduetinj; materiiils, 
such as asbestos, or a mixture of cork and clay, tVe. Wlien, i>ii 
the other liaiid, he wants the heat to pass rapitlly from his worts 
to his eoolino li<pior, he interposes lu'tween the two thuds in his 
refrigerator a tliin slu'et of copper, which is an excellent con- 
ductor of iieat. 

Convection of Heat. — Li<{uids as a rule are exceedingly bad 
conductors of heat, if, fer instance, a lump of ict* is put in 
the bottom of a test tube, a small coin jdaced <iver it to retain 
it in positinii, the test tubi* partially tilled witli water, and tin* 
flame of a lamp applied tlie tube just lieiieatli the surface 
of the fluid, its upper l.iyer may be boiird f(»r some c.in.‘'iderable 
length of time without melting tin- iee. As is well known, the 
whole of till* water or other fluid contained in a vcs.-el may be 
readily heateil. provided the flame oi- other .-ouree of heat is 
applied to the bottom of tin* Ve»<-1 ; but here another method of 
conveying heat - viz., cojive. tion -.'teps in. This nn-thod may be 
<s;ularly tlem(Uistrated bv taking a lar.:e gla^s fla-k and nearly tilling 
it with water, adding a few j.iiK he> of j.owthued eodiim al or soim* 
otlier bcnly of about the ,-ame -j.reifir gravity a- water, and plai’ing 
l,>efieath th*‘ fla^k a lamp or otljer >ouree of inMt. It \sill be seen 
that a ciirrcuil is soon e,>tahlidied, whieli a,>eend> through tiie centre 
of the; fluid, and which, on airiving at its >uifaef, lnuids over in 
every <lire- tion like tie- b)Iiage of ,i pdm-tre.-, and bn ms a nnmhrr 
of de.seending eurients. dhe^*- tnivid downward- in [Uoximity 
with th" -ides of the fl.idK until (hey reach its heated portimi, 
wlifeii they , (gain a.-eend in the hot e»*ritral current; thus, in its 
turn, every portion of the water heeomes expo.>rd to tin* action <*[ 
the heat. The reast-n why this orcins is that the water when 
lieated c'X[»ands and h.-eoines ^j)e(iti.-;illy lighter than cebl water; 
con.sfsjuently it a-eend', whibf the roMer portions simultaneously 
de.scend to rejdaeo the jvutions wiiieli have asernded, atid this 
aclifiii goc. oil eontinuoii.dy until the tenijM-rature is reached at 
wliich water hoiis. lienee, ifj the prore^sof heating hy coiivectien, 
the force of gia\ity al.-,o r oine.s into play. 

Ill cooling, the reverse process takes [dace ; the portion ot 
water in contact with the air, or with some Huhstaiice coMer than 
itself, lo.se.s its heat, contraet.s, and ]KT<uae.s heavier; coiis«“ijiiently 
it sink-, the warmer j>ortioii3 meanwhile a.seend, and, after being 
cooled, descemd ; tlii.*! on continuously until the whole of the 
fluid arrive.s at tlie .same tempfiratiire a.s tliat of the cooling inedinni. 
Ilencx*, any apparatus for f^ooling a ma.s.s of fluid, .siieb a.s the 
atUunperator in a fermenting vat, slioid*! he placed near the .surface 
of the liquid, or the portit>n of fluid uImivo it will not rex’oivo ita 
due eharo of the cooling cirect of the njipnratui. 
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(iases ai(i also had conductors of lieat; they also are heated 
hy convection. A familiar instance of tliis is the draught pro- 
duced by th«‘ lir(} in an ordinary chimney. The air heated hy the 
tire expands, hecome.s spccitically lif,diter, and consoc|uently rises, 
forming' a current \vhi<‘h is rend(*red visible hy the particles of 
carbon carrieil alon^^ with it. Currents of colder air continually 
descend fr<ua the ceilin^^ and sides tif the room to take the place 
of tlie heated air which has passed away. In onler therefore to 
heat the air in a otom e(pmlly, the source of heat shoidd be placed 
as in'ai' the lloor as p<»>sihle, Couversidy, when it js .son^dit to 
cool tin* air of a room, the a.i.;enev for the witlulrawal of heat is 
placed as near tlie roof .is possible: thus the refri^eratinL; jtipes 
occasionally employed for keeping' down the temperature of a 
ferment inu-rooiii (tr sto!'a;4(*-eeliar .are place<l near the ceiling. 

Radiation of Heat. There is yet another method ]>y which 
heat propagated, vi/., radiation. ICvery hot l)ody, in addition 
to losing heat ly ( onveeiion .and condui'limi, also loses heat hv 
radiation. 'I'his mav he shown hy hanging a hot body in a vaciinm, 
when it i" found to lapidiy grow colder, though the los.«^ in this 
case eaiiiiot lie due either to ('..mlueiion or c(»nveetion. Heat 
]iropagated ly radiation luovi-s in straight lines, pnadsely in the 
s iine way .a< light doc- : indeed, hotii liglit and heat are caused 
by vibration, of tin- ether, which are exactly similar in all respects 
except, that of wave length. 'I'lius a h-dy, on being gradually 
heated, at lirsi onlv emits heat rays ; as it gradually grows hotter it 
begins to emit ray- of liglit a^ well, and the hotter it becomes tin* 
dealer the number of light rays it semis birth. .\ familiar illustra 
tion of thi'^ is -ceil in tlie glowing larlion lilameiit id’ an im'an- 
deseeiit electric l imp, which, being intensely lieateil by the current 
of elei’trieiiy passing ihroimh it, emit.- a large nnmher of light rays. 

d he rate at which lieat p.as.-es away from a hot body ly radia 
ti"ii is mm li inlhieiiced ly the -late of its surface ; a I'right 
I’olislie.l surface ladiate- lieal with comparative* shovucss, whihst 
dead lilaek surface radiat(‘.s heat with great rapidity, ('on- 
versely, ;i body wldeli radiates Imat readily also absorbs it rapielly, 
;uid a ImmIv which parts with its In-at by radiation slowly also 
ihsorlis it slowlv. Hence the «ovcr of a mash tun. when made of 


'''Pl"‘''i -^lionld he kept as bright as po.s.sihle, in order to jirevcnt 
oi lieat by radiation. Sicam-pipe.s, and all the vessels in the 
hrewery from which it is .‘ionght to pn'vent loi<s of heat by radia- 
’•"it, aie covi'icd with .some iion-comiucting material. 


Expansion by Heat.- Almost all hodi<‘s expand when heated. 
Jd tlie Various classes of liodies, gas(*s exi>and the most, siditls the 
and licjuids occupy an intermediary position. Each body 
Icis a degree of oxpan.sihility under the inlluence of heat peculiar 
j" itself ; thus, amongst metals, zinc expands the mosh and pro- 
'Iv platinum the least. Of ihiids, tho.se whieh are most volatile 
’’ ^ expand most. Alcohol, for inataiice, i.s more 
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by heat tliaji water, water more than merenry. All ^Mses, on the 
other hand, have the same de;.(ree of ex{>ansi],)ility for the same 
amount of heat, or so nearly so that the exceedingly small devia- 
tion whieli under certain circumstanees they make from this rule 
need only be taken into account in the most delicate researches. 

The Thermometer.-— In many operations conius'ted with brew- 
ing it is of the highest importance to have some convenient me;ins 
for ascertaining correctly the tmnperatiire of the various substances 
we liave to deal with, such as that of the malt on the kiln lloor, or 
of malt on the drying kiln, tlu' temperature id the worts at various 
stages of the process of brewing, that of the air in the fernienting- 
roonis. storing-cellars, A’c. d'his is fultilled in an lUjiinent degree 
by till' ‘‘ thermometer,” an instrument wliieh is e<.ii>trueted in the 
following manner; — A glass tube of veiy tine and iweii lioiv is 
taken, and a cylindrical or spherical bulb is blown at one end of 
it. Ihe l,)ull) is then heated to drive out a portion of the air which 
it contains, the open end of the tul.e dipped into a ve>.Md ceiitainiiig 
mercury, and the bulb allowed to c..oi. As the ladb co(,ls, ii> 
contained air contrac'ts, .and a portion of mercury i- drawn into 
it. This is then boiled, in oidi*r that its vapour may drive out 
and replace the remainder of the air and .any nioi-ture left in 
the bulb .and tube. Whilst the whole js hot. .and the niercuiial 
Viipour esr, iping freely from the open end of the tube, this end i- 
placi'il under (he surface of hot niercuiy, and the whole allowed 
to gradually cool down. W’heii completely e.dd, tlm whole of tie- 
bull) and tube will jje tilled with mercury, d he bulb i^ nowgeiitlv 
heated, and .a jaution of the mereury driven out. the end of the 
tube being .-ealeit up with the lilow-pipe while the eobimn of mer- 
cury still tills tile tube. .As the nieieiirv eoiitracts, a v.ieuuni is left 
behind ; if thi; tu}»e were .sealed while full of air, it would hur>t 
when tlie me'ieury ag.ain expandcl. The tube ought then to be 
calilu’ated, in order to a.sca-rtain what ditleieiiees tlieie are in tlm 
diameter of its boia*. loir tlii- [iurpo-,e‘ a .--mall eolumii of mercury 
about a tliird of an inch is detached fnuii tie* main hody of the 
Iluid, moved up and down the tnhe, and its length noted in the 
various iiortions of the tube l,y tin- ,,id of a miero.seope. It is ob 
\ ions that wbete the tuhe is narrower the detached eolunm will I'c 
longer than in the wider j»or(ion.-> ; these ditferem es are noted, and 
alloWanci s made' for them when the tuhi* is suhseipientlv graduated. 
The next |)oint is to find two lixed pfunts of temjieratnre, and tm’ 
this purpo.se the melting-point of ice and the hoiling-iioint of water 
are clio.sen a.s being thos*' mo.st readily attaitiahle. In order t" 
find tlie position of the point in the mercurial column which corre- 
.sfK)nds to the fn;ezing-j)oint of water, the tliermomi'ter i.s placed in 
pounded ice in a melting .state, care being taken that tlic! water 
prfxluced by the tliawing of the ice ha.s a ready mean.s of passing 
away. Wlien the column ha.s a,s.ynmed a stationary position, a 
small mark is made on the tube indicating its height. The next 
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operation is to sulyect the therniometer to the action of steam 
evolved from water Imiling at the pressure of tlie atmosi)here, and 
this is ellected hy placing it in a long, uj»right, cylindrical vessel, 
in the bottom of which water is ke})t ])oiIiiig. An a})erture is 
)>roviae(l at tlie side of the vessel for the free escape of steam, so 
that the pnessiire inside the vessel may not rise l^eycjiid that of the 
external atmosphere. When, after a little time, tlie end of the 
column has become stationary, amtther mark is made on the tube 
to indicate the temperature of boiling water. This is not an 
absolutely iixed point ; water boils at ditferent temjieratmvs, ac- 
cording as the jiressure to whii-h it is sulijected varies. Thus, 
when the air has a tempcu’ature of 32" E., and the barometer indi- 
cates a pressure e<pial to 29.315 im-hes of mercury, water Itoils at 
211" K; when it indicates a pressure of 30.444 inches, the air 
being at 32“ F., water Imils at 212.9 F. In order tliat this varia- 
tion may not give rise to prai'tical ililliculties, the boiling-point of 
water (212 F.) has been iixed by a (Jovernment ('ommission, who 
liave det''rmined that the temperature at wlii<‘h <listillcd water 
boils under a pressure of 29.905 inches of mercury, with air at 
32 F., .shall be indicated ]»y 212' F. Con.^Mpiently, whim the 
position for this point is ascertained, with the air at any other 
pre.vsure and temperature than this, !i ci*rrespondiiig correction 
must be made. Thc.se two Iixed points having bemi ascertained, 
ihe space betwiMUi them is divided into degree.s. In England it 
is customary to divide the space into 180 degree.s, as proposed by 
Fahrenheit; in France it is divided into 100 dc-gn'c.s, on the plan 
introiluced by Celsius ; so that o indicatt's the frec/ing-point of 
watiM' and joo" its boiling-point, hence this is called the “Centi- 
grade scali*. ’’ This latter is by far the most rational method of 
division, and con.seipiently is the one almost exclusively used by 
scientilic workers throughout tln^ world. There is yvx another 
method, that of Reaumur, which is much used in the breweries 
of (lermany and Austria; in this the space is divided into 80 
parts. Ry whatever method the tlnmmometer is graduated, de- 
gree.s of the same size as those between the (wo a.scertaiiu'd fixed 
point.s are marked olf above and below the.se points, always taking 
into consideration the nee<*.s.sary corrections for the calibre of the 
tulie. Other fluids be.sides mmrury are sometimes used for tilling 
th(‘rmometers, such a.s alcolml. carbon disulphide, Ac. But though 
alcohol has the advantage, of not freezing at low temjieratures 
(menmry freezes at --39'’C.. - 38“F.), it has the disadvantage of 
boiling at the comparativxdv low temperatun' of 78.39 C. (175.1" 
so that a thermometer tilhai with alcohol would bo entirely 
'intitU'd for many purpose.^ in the brewery. Another reason which 
Icails to the choice of mercury for this jiurpose is that tliis tluid 
♦ xpands in eipial imwcmont.s for oacli degree, of heat between the 
freezing and Imiling points of water, a projierty not shared liy most 
alitor liquids or solids. 
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Conversion of the Readings of the various Thermometric 
Scales into each other.-— To reduce d<'grees Centit^uade to d^'grees 
Falirenhoit the following formula may be employed : — 

C ’ X ^ -f '2 - 6o C. would therefore ho (k) x i ^2 — 140’ 1 '. 
100 5 


To convert degrees Fahrenheit into degrees Centigrade : 

(F.' - ' ('. ; 140'F. wiMih! ho (140 - \2) X '' ( h > 

U ' <) 

Similarly, degrees Keaumur to degrees I'ahrenlieit and the eon 
verse are eireet(*d V.v tie* followino formula*: 


It. 


I'. 




H. 


Sources of Error in the Thermometer. The l.nlh ..f an 
ordinary gla.ss th(*rmometer gradually eontraet> to a slight extent 
for siiiiie time alter it is made ; eon.'.e.ju.-nt .y, if graduated imm*'- 
diately ;ifter it is tilird, its o-adiug.^ afl.-r a time iM-CMim- too high. 
Thi> error may amount to • i (j..s K, ). whn h is ahoiit th<' 
e.xtreme limit •<! the eham.f. ( ■on>e((ucnlly, all theunonieters 
sllould l>e alloWfd to iTst Inr stUlie eon.sidc| a 1 'le length of lime 
after being lill.'d )>ef.ue they are gra.Iuated. All th-rmomet.-i> 
iiseil for ibdirat*' rf>.faiebo-; ar«- now mad*- of the >u rail' d drjia 
gla.-'S. whi'di eout dll', in ad'litiotj to li,.- "rdinarv ei .nd itm-nt ' 
of gia.^s. a small <|uantity of /in-. Wh-m a ihemiomrtrr tube 
iiiaib* "1 tlii.> gla>'. ;s rxt'.x'd t" a t'*mi"UMture of ^,0 C. for 
thiit\ hour>, alt'-r .'Ulise<jUrnt lilling and graduatinn it." ladb di"'s 
not ruiitiaet (»ii oral neot to .an aim<.>t imj'f!i'f['tiblr r.xtont. 
Fon.-eijiirntly, it is ailvi^abh* to havr in every bivwriv a xtandaf'l 
tkcrii.i.ini.i,.]' ,,f tlii< kiii.l, ili.i! il,,. r.-.i ,,(■ i|„. . iiii 

ki' ii-it.-il .lu'iiri-t il for nii,.. t.. liui'-, A tii.-r- 

IMOIIMI' I whl.-li |]:i. I ^;rMli|.it.-,| il, III, 1||,||...|,| I,,, Hi,, II a,,, III, I 

aUav-i I„| ||-,,,1 „| II,,. |„..i|i,.,|, ,i,|,.,. (1„. |,v,li',.,|;,ti,- |,|,.,M||.' 

of till, ,„||||„,1 |,„.|,:,||V |,■ 1 |,|, l„ ,.|||.,|,.„. t,, .1 .-Ii._,l,t ,.xl,.„| III,. 

caiMdty of til,: l.iill,^ ;,|„1 ||„. 

ri'iiitiv.'ly tu tint ,.f tlii' liiilli, .-m.iH ,ilt,-i;ili,iiiM i,, il,,. |;,t't„r an- 
r-n.,ri„on.ay n,;,y„ili,.,| i„ , 1 „. ,.„|.,|,„j, „f 

Or i„,-tann. if 

It t« lioat, ,1 to III,, |,.|,i[„-mtnii- of l„,il,i,;, ivatar aial tl,,.,, .k,i,|,|,.„1v 

I. lli.iyoil into it.H fr..,.„|,j;,|„,i„t „,,,| 

i|M,\ K-ail c.i ( , lii^l,,.,-, ami „„ly i„ fit ilav.i m- a fortniKlil will 

a tiina'' C";'' r.'.Oin«, will, 

^ • nnonmUir, tim ,t,.,ti„i„,.„t a.o„|,| alway.n l„. in.,„..rs.Hl in Mm 

;yl or Ot aP.Milislancii wlii,:!, a ia ,l..air..,r m tako tlm 

tl to of far ,a., tlm l,in;;th of tlm loltinm of imTi iiry ••U omN 

II. 1. 1. always oarofnlly ,lon« wlmn Urn two lix.i.1 ,«,i^: ,If tl,,: 
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instrument urn ascertained for tlie purpose of graduation. For 
instance, if a thermometer has its Imlb only immersed in boiling 
water, the stem and the column of mercury it contains will only 
have the temt)erature of the air which surrounds them, and ob- 
viously the column will be shorter than if it were at the tem- 
perature of Ijoiling water, Inmce tin* reading will be slightly too 
low. The tube being also Cold, contraction will diminish its lx,»rc. 
to a slight e.xtent. and this, l>v lengthening the column of mercury, 
will tend to rectify the error to a small extent. Hut if an attempt 
b(‘ maile to ascertain the temperature of any liipiid ap})roaching 
that of boiling water in this way, the error in the reading of the 
tliermoini'ter may be from 2' to C E- too low. 

As many of the thermometers met with in commerce, owing 
to careless grailuatioii, have the freezing-point several dc'grees out 
of position, all the>e instruments, before being taken into actual 
r.se, should be carefully ti‘<teil against a normal thermometer: and 
this shouM be repeateil eveiy few nenths, in ordt'r to ascertain 
that their indications n*main collect. 

'rhennoiiieters are of various forms. For instance, the form 
u>eil foi a<ceitaining the temperature of the mash-tun is* of coii- 
"iderable length, ami i> em lno'd in a woolen or ini'tallic tub(*, a 
sliiling door oi- otlcr >uitable arrang»-nient being provi'h*d to cover 
and protect the bulb when not in me. w hil.-t the uppeiniost j'ortion 
where the leailillg" ale taken is abo ploteetetl bv a ."luall d' ol'. 

In taking the t< nipeiatc.i.- ..f a body witii the thermometer, it 
i" iiecessaiy that tie- i ii.-t ruiuent .-hould cojiio into as intimate con- 
tact with it as pov^ible. When tie* bodv is gaseou.^ this piU'sents 
no tlilhciilty. In taking the temperature of .solid or li<juiil lualie.s, 
such a- malt, wat' r. Wort. Ae . < are must be taken not only that 
the bulb, but also that the whoh- t'f the mercurial column is 
immersed in t ue substam e. only s * mm b of the column bi*ing left 
r'X[)osed as is just mar.^sary to obtain a reaiiing. In taking the 
temperature of a mash consi.lcrable time must 1 e allowed t<* ela|>se. 
as the heal has to penetrate through a consideiable amount of 
material before the tube and mercurial column reach the tem]*cra- 
tui'e of the ma>h. It is also advi-able to talo* tie* temperature of 
the mash in s(>v«*ral places, then to add all the various readings 
togethi*r, and di\ide tln-ir sum by tin* number of readings taken. 
In this way we obtain an average re.iding. When taking the 
temjieralure of malt «»n the drying kiln, «'ar»' musf be taken that 
its liulb does not I'omc in c«»ntact with the tharr. c>r too high a 
reading will be obtained. In oiab'r to oliyiatc this, thermometers 
made for the <lrying kiln have a jM'culiarly shaiu'd stand, which 
l>rt*vents*the hnlh (’oming in eontaet with the tiles. 

An instrument called a “ thermograpli ” has been di'vised for 
obtaining a e«intinnons reeonl of tire tempm'atrn'e of tin* malt 
'vhen on the Moor of the drying kiln. It eontains a eylinder, 
driven hy clockwork, which revolves once in twenty-four hours, 
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to which a sheet of ruled paper is attached. On this the record is 
marked by a pen attaclied to a peculiarly constructed thermometer. 

Unit of Heat. — It must be remend)ercd that the therniumeter 
only measures the infensityQi heat; it <loes not measure \tiiquaniitii. 
In order to measure the (piantity of heat, two other factors must 
be taken into account — i\w. specific heat of tlie substance in question 
and its wei(jht. It is a matter of •^reat convenience tc* have some 
unit for heat, just as we have for weights and measures. The 
quantity of heat usually taken for this unit is that recjuired to 
raise one kilogramme of water from o' to L C., but any other 
quantity of t\'ator and degree of heat on any other scale may be 
taken ; consequently, as a matter of convenience, wc shall occa- 
sionally take for the unit tin? (piantity of Inait recpiircd to raise 
one })oinid of water from 32' to 33“ Fahrenheit. 

Specific Heat, or Heat Capacity. Lodies, when indicating 
the same degree of seiisihh* temperature, diller viu’v eonsidjualdy 
in the amount of heat which an (‘(pial w<*ight (d them c<intains. 
If two pieces of nu'tal of the saim* size, shaj)(‘, and wdght — the 
one of silver and the other of cojtper—are. susjiended liy nutans (d 
pieces id thin wire in a vessel of boiling wat(*r for a few minutes, 
until tluiy have attained the tempfratur»Md the wat(‘r, and aiv tln-ii 
withdrawn and suspeinhal in tin* air, their temperature will gradu- 
ally fall; the piece of silver, however, will ]»e found to lose its 
heat much more rajudly than tlie piece of copper. Hence we may 
conclud(! from this that an equal weight (d copper at tin* temj>era- 
ture of boiling water contains mucli more heat than an e(pial 
weight of silver. As the cojijM-r jiarts with much more h(*at tlian 
the silver does in cooling, it must have reipiired much inons heat 
to raise it to the temperature of boiling water, (ouisecpn'iitly, we 
say that tlie specilic heat, or the heat capacity, of co|)p(‘i* is gn'atcr 
than that (d silver. Taking as tin* tliei-iinil unit the (pnintity of 
heat required to raise one kilogramnn* of water from 0" to P 
the specific beat of any other body is assumed to lx* the ipiantity 
of heat which is inx'cs.sary to raise, the temperature of one kilo- 
gramme of it from 0" to PC. It has heen found hy ju’operly 
conducted experiiinuits that, taking the sjx'citic lieat of wab-r as i, 
that (d copper is 0.095, that of silver 0.057.^ 


A curious relation to exist IxAw.-en the specific heats and the 

atonne weights of the eleinents, the product of the «{M‘cific heat of an eletnent 
multiplied by its atomic weight being nearly a constant r|Uiintity, thus ; ~ 


^ Sp-.-iHc Ik-at. 

Copper . , 0.0951 

Silver . , 0.0570 

Magnesium . 0.2499 


At«uiii<; Weight. 

lYoduct. 

h 3-5 

6.O3S9 

loS.o 

P 95 ^ 1 P 

24.0 

5.9976 


The numbers in the last column are known as the at«tmic heats of the respec- 
tive elements. Compound l>odies also have molecular heats, but these varv 

m w! n fu"' ‘^"«^F^»nds ; thus with the chlorides of the metals it is about 
I 9 i with their carbonates alxmt 21 to 22. 
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IMercury lias a inucli less siieciiic heat than water ; conse(iiiently, 
if a pound of mercury having a temperature of loo" C. is shakmi 
up with a pound of water at C., the resulting temperature of 
the mixture will not be the mean, 50° (as would have l)een the 
case if a pound of water at 100° had been mixed witli the same 
weight of water at 0°), but will be found to be 3.2“ C. The 
mercury has, therefore, lost 96.8“ of heat to raise the temperature 
of an equal weight of water 3.2° only. Conversely, if a i)Ound of 
water at 100“ C. be shaken up with a pound of mercurv at 0° C., 
the temperature of the mixture will be 96.8^ C. Thus one unit 

of heat would raise a })ound of mercury =30.25° C., conse- 
quently (or 0.033) <d heat would raise that quantity 

of mercury one degree ; 0.033 therefore tlie .si.eeiHc heat of 
mercury. 

Specific Heat of Malt.- — .Malt has a specitic heat rather less 
than half that of water, viz., 0.42, a })oint which it is highly 
necessiiry to take into consitleration when calculating what' the 
initial heat of a mash is to ])e. This is workcsl in the following 
manner :--Supi)osiiig an initial masli-heat of 150° F. is requiiTsb 
and the mash licpior is to be used at the rate of two barrels to each 
(piarter of malt, which latter has a temperature of 50° F.. what 
must be the tem|)erature ot the mash litpior ? A quarter of niiilt 
weighs 336 lbs., and two barrols of water weigh 720 lbs.; that 
is in tin; i»rop(.rtion of 7 lbs. of malt to 15 Ib.s. of water. .Taking 
as the unit of heat that (piantitv uece.ssarv to raise the tempera- 
ture of I lb. of water from 32^' t<» 33° F., the lirst question to be 
ascertained is how many of the.'^e units will bo re<pured to raise 
7 lbs. of malt fi'oin 50° to 150°. Now, to raise 7 lbs. of water 
from 50° ¥. to 150° F. would re(]uire 700 units of lieat ; but as 

malt only requires as many units to raise it to a given tem- 
perature as water does, 7 ll).s. of malt will re.piire 700 x (or 

700 X 0.42) =294 units. Since 15 lbs. of water at 150° F. con- 
tain.s 2250 heat units, we must add on to this sum the 294 units 
necessary to raise the 7 lbs. malt from 50“ to 150^ which will 
give 2250 + 294 = 2544, and this sum divided by 15 (15 lbs. 
water) will give the number of units of heat reipiired to be con- 
tained in each lb. of mash liquor, or, what is the same thing, the 

temperature of the water, viz., = 169.6^’ F. Or the method 
of calculation may be concisely stated as in the following formula 

7 X 100 X 0.42 + 15 X 150 
IS 

The same principle has to be kept in mind in adding piece 
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liquor. Supposing that we liave a mash of 40 quarters of malt 
and 80 barrels of water at 150” E., and that we wish to raise its 
temperature to 155"* E. by the addition of piece licjuor at the rate 
of half a barrel per quarter, what will be the required temperatun^ 
of the piece Ihjuor? The proportions of malt and water in the 
mash are, as before, 7 lbs. malt to 15 lbs. water; the piece liquor 
to be added will b(‘ in the proportion to these of 3.75 lljs., i.e. a 
fourtli of 15 lbs. In order to raise each 7 lbs. of malt from 150° 
to 155'’ F. tliere will be required 7 x 5 x 0.42= 14,7 units of heat. 
The amount of lieat required to raise the temperature of each 15 
lbs. of water already in the mash will be 15 x 5 - 75 units. The 
numlicr of units required to raise each 7 lbs. of malt and each 15 
lbs. of water will be therefore 14.7 + 75=^89.7, and these will have 
to be contained in each 3.75 lbs. of piece liquor, over and above 
the 3.75 X 155 —581.25 iKM’cssary to maintain its tcunperiiture 
at 155" F. after the admixture Ijas taken j)lace; this is 581.2!; 
+ 89.70 - 670.95, and this sum divided by 3.75 will give tlie 
number of heat units whi<;h <*ach pound of undorlet must contain 
to ellect this jmrpose, or, in other winds, it must have that tcun- 

perature. This is 178.9'^ F. Expres.setl in a formula, 

the Cidoulation ap[)ears as follt>ws : - 


>75 

Latent Heat of Solidification. All .solids, when they pass 
into the li([ui(l state, absorb a certain amount of In-at which can 
no longer la,* detected )»y tin* indications of the thei’momct(*r ; in 
other Words, a certain ammint of h. af has pa.ssed from the .sensible 
irito the latent state. If i 11». of snow or pounded ice b(^ added 
to I lb, of w.'itci- at a ti'ln|riatnir ..f C,, wboii all tlio .snow or 

I' o IS mcltcl the re.siiUin;; 2 ll.s, ,,f water will he h.unil to have a 
lemiMMature- of 0° C. ; whereas, if i Ih. of water at 79’ C. lia.l 
t'oeii a.Me.l to I II,, of water at o' f,'., the result woiiM have lieei, 
2 Ihs. of water at 39.5^ or tin; im-an lictween 79'' and 0°. In 
mcitiiio the I lb. of ice ha.s al.-sorbcd 79' of heat, of which tin; 
thermometer now gives no indication; hence 79'' have disap- 
peared or, in other words, become latent; they have l>e(‘n use.l 
in converting the ice from the .solid to the liipiid state. All other 
.soJkIs behave in a similar manner in pa.ssiiig from tin; solid to the 
liquid state ; they render latent a certain amount of lieat, and thi.s 
IS retaineii .so long as the. sul)stanc<; remains liiiuid. 

,vtci t lioat IS ovolvisl an,| hnconiv.s aKiiin seiwihln. It i.sMiiricult 
to Ilin.strala ns with icn, hut the |>h..no,ne«on may 1« rea.lily 
hown in another manner. If to water hoilint; in a llask so, linn. 

en!k .‘it ! /’l “‘t"" '•wanlvcl, the flask rapidly 

corkul while steam is still issuing from it, and the whole alloweil 
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to remain undisturbed until it is quite cold, the whole of the salt 
remains in solution, and what is known as a super-saturated solu- 
tion of sodium sulphate is obtained. This is a solution whicli 
contains much more of tlie salt than cold water under ordinary 
circumstances would dissolve ; for ])oiling water is able to dissolve 
42.5 per cent, of this salt, whilst water at freezing-point can only 
take up 5 per cent. If the flask ])e now carefully uncorked, and 
the surface of the solution touched with a rough solid l»ody, or a 
crystal of sodium sulpliate dro|)ped in, the whole mass instantly 
solitlifies. That this conversion of the liquid into the .solid state 
is accompanied by the evolution of heat may be reatlily perceived 
on grasinng the flask with the hand ; or, if a thermometer be 
introduced into the ma.ss wliile still liquid, as .solidification takes 
place the temperature will rise 18° or 20'’ C. 

Latent Heat of Vaporisation. — When a licpiid is converted 
into vapour, much heat is also rendered latent. This is very mark- 
edly the. case with water. If a ves.sel containing water at o C. 
i.s placed over a sb'ady .source of heat, and the lengtli of lime noted 
which is re(iuired to rai.se its tem)>erature to 100" C., which, .say, 
is ten ininute.s, it will lx*, found that a period of time about five 
times this length, or about fifty minutes, will have elap,<^ed when 
all the water has eva[)orated away. Since tlu' water recidved 100" 
of heat during the first ten minutes, it must have ap])roximately 
receivisl 500' during the fifty minutes. Hut we know that the 
temperatun*. of l)oiling water at tlu* j)re.ssure of the atmos|>here 
never ris(*s beyoml a cerbiiii point, and that a thermometer intro- 
duced into the steam from boiling water indicates the .same tem- 
peratuia^ as the water itself. Con.<e<piently, water in passing from 
the, liquiil to th(^ ga.seou.s state remlers latent aVjout four times 
as much heat as is necessary to raise it from o' to 100" C. Tliis 
may be also shown in the converse manner. If 537 grammes of 
water be })laced in a tared lieakei’, which is swatlu'd in cotton wool 
or .some other bad conducting material so as to ])revent loss of 
lieat by radiation, a thermometer in.serted into the water, and 
steam allowed to bublde through the li(piid. If the beaker and its 
cont(‘nts lie removed and weighed immctliately the thermometer 
iudicat(*s a temperature of 100" C., the water will be found just to 
liave increa.sed in wu'ight by 100 gramme.s. This shows that the 
amount of heat contain<*d in the steam of 100 grammes of water 
is able to raise tlie temperature of 537 grammes of water from o* 
to 100" C. In addition to the 100“ of sensible heat, steam there- 
fore contain.s 437“ of latent heat. 

Theoretically, if no loss of heat took place by radiation, Ac., 
the steam evolved from 100 gallons of water in the. steam Iwiler 
would bo able to l)ring to the boiling-point 437 gallons of water 
in tho hot-liquor back, and yield in this way, taking into account 
the 100 gallons of water produced by the condensed steam, 537 
gallons of water at boiling-point. 
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Evaporation. — By this is understood the process in which a 
liquid quietly and silently passes into the state of vapour. The 
rapidity of the process depends upon several factors. Tlie higher 
the temperature of the li(iuid, the more rapidly it evaporates. 
The larger the amount of surface exposed to the air, the greater 
tlie amount of evaporation. Thus a cooler is so constructed that 
the wort on it sliall present a large exposed surface to the atinos- 
])here, to increase the evaporation as miu‘h as possible ; and as a 
large amount of heat is ahsorl)ed hy water in passing from the 
liquid to the gaseous state, rai)id evaporation means raftid cooling^ 
Evaporation goes on mucli more rapidly in dry air than in air 
wliich is C(»iisideral.)ly charged witli moisture; lienee the compara- 
tive slowiK'ss with which cooling proceeds on a foggy day, when 
tlie atmos})liere is saturated with moisture. The constant removal 
of those [lortions of air in immediate contact with the surface 
of the liquid which havii become higlily charged with atpieous 
vapour, and the substitution of dry air for these, also considerably 
increases evajioration. Hen<‘e coolers are invariably {daced in a 
room, the windows of wliich are jirovided with louvre-boards fr>r 
the admission of a current of air ; and the process is often acceler- 
ated by placing a fan driven by jiower in the centre of the caj^dcr, 
which causes rapid currents of air to traverse the surface of the 
liquid. 

Evapi ‘ration goes on witli extreim* rapidity in a vacuum, so 
quickly that it is possildc to freeze water liy its own evaporation, 
if an arrangement is mado to remove the aqueous vajiour as fast 
;es it is formed. 'I'his is generally accomplished by taking a tlat 
vessel Containing sulplinrie acid, wliich has a great attraction for 
watiu*, and [dacing ovi-r it a small metallic capsule containing the 
water to be Iruzeii. These are |»laci‘d under the bell-glass of an 
air-punij) and the air exhausted, when evaporation takes place 
so rapidly that the temperature of tlie water is speedily brought 
down to its free/ii)gqM»int. This primdple of rediieing the heat of 
a liquid ami of those. l)odies with whieh it is in contact by rapid 
evaponitifjii receives pradical applicati(*n in the, action of fnu'ziiig 
iiiachiiies. In these, liquids wliich have, a imudi lower boiling- 
point than water are gemu-ally employed, and tliey, when caused 
To rapidly evaporate by the partial vaeuum niaintaincd in tlie 
machine by its jmmp, absorb an enormou.s amount of beat. The 
tollowing table gives the boiling-points of some of the liquids com- 
monly used in freezing machines : — 

in Oegs. C 

Ether . . . . 4 35.5 

Sulphurous antiydrkle . - lo.o 

Ammonia . . . _ o 

Carbonic anhydride . -78.2 


In I>eg8. F. 
4 96,0 

- 14.0 

- 27.4 

- 108.8 
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DENSITY AND SPECIFIC GRAVITY. 

One of the most frequent operations of a purely physical nature 
performed in the brewery is tlie determination of the S[)ecific 
LiTavity of wort, beer, and other fluids. The following is a brief 
description of the principles uj)on which this simple operation 
is based. 

Density. — -If we compare tlie relative proportions in size of a 
pound of lead and a ])ound of cork, wo see at once that equal 
weights of th(j two bodies occupy very didenint volumes or s])aces. 
Similarly, if w’e have a piece of cork and a piece of lead of the 
same size, the two liodies will have very different weights. Ex- 
pressing these! facts in more scientific language;, we say that the 
densities of these two substances differ considerably ; that lead 
possesses a much higher density than the cork. In familiar con- 
vm’sation, Ave often exjiress tlie same idea Avhen Ave say that a 
su1)stance, such as lead, is “heavy that another substance, such 
as cork, is “ light.’’ Similarly, li(piids have very ilifferent densities ; 
thus a litre of Avater Aveighs 1000 grammes, a litre of mercury 
13,600 giammes, a litre of alcohol 790 grammes. In order to 
t*x[)ress the density of a IxmIa', the sim)>h‘st method is to Aveigh a 
kiioAvn volume of it, and to divide the Aveight thus obtained by 
the volume ; in this Avay the Aveight per unit volume is arrived at. 
l)(*nsity, therefore, is only a relative term ; aa'o may say that the 

(hnisity of alcohol is that of inerciirA’, or that the densitv 

• 13,600 

of Avjiter is that of mercurv. Rut if a list of the varying 

•hmsities of bodies is to Ix' compiled, it is obviously necessary that 
the weight of a volume of each of thi'in should be compared Avith 
the AV(Mght of an etpial volume of some other hotly Avhich shall 
serve as the staiulanl, and that this latter substance should also be 
"lie Avhich is readily attainable. In (he ca.se of solid and liquid 
bodies, Avater is chosen for this purpo.^e ; in that of ga.ses, air — since 
these two substances are ahvays at hand. 

Specific Gravity. — This term “specilie gravity of a body ” 
expresses the ratio of its density to that of the snhstance cliosen 
as the standard, tliat is — in the ease of .solids and liquids — Avater ; 
or, in other Avord.s, the ratio betAveen tlie. Aveight of a given volume 
of the body under investigation and that of a similar volume of 
Avator. A.s tlie densities of bodies vary considerably Avith their 
temperatures, Avhen the specific gravity of a substance has to be 
iletermined, not only must its oavii temperature be taken into 
ar'count, but also that of the body Avith Avhich it is to bo com- 
p;»red. In taking the specific gravities of liquid or solid bodies 
a temperature of 4“ C. (39.2" F.) is often chosen, this being the 
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temperature at which water is at its maxiiiiuiii density ; for water, 
unlike most other suhshinces which contract between this tem- 
perature and 0° C. (32“ F.), expands. Since at some seasons of 
the year it is exceetlingly inconvenient to liave to bring bodies to 
such a low temperature, in ordinary practice a more readily attain- 
able temperature is chosen, and this is 15.5'' C. (60' F,), The 
specific gravity of gases is generally determined at tlie temperature 
of the air at the time this operation is performed, and the volume 
it would occupy at any other temperature found Ijy calculation. 

Methods of obtaining the Specific Gravities of Solids.— In 
ascertaining tlie specitic gravity of a soli<l it would be well-nigh 
impossible, in most cases, to ol)tain a bulk of water e(pial to tliat 
of the solid. Advantage is therefore takmi of the principle, tir.'t 
enunciated by Archimedes and a[»plied by him to this particular 
jmrpose, that when a solid is immersed in water it loses exactly as 
much weight as that of a volume of water e<pial to its own bulk. 
In actual practii-e, the. s{)eeitic gravity <d' a body is found by 
weighing the substance first in air, then in water of a given tem- 
perature. This is accomplished by having a scale-pan attaclieil to 
tlie balance, with shorter attachments to the lieam than the ordi- 
nary pan has. On the under side of the hirmer a hook is lixeil, 
to which the body to l>e weighed in water is attaeh<>(l ]»y a piece 
of thin string or wire. The weight of the body is tirst taken in 
air, and then a vessel containing water is placed under the scale- 
pan, and the body again weiglual imnuu'sed in water. These two 
Weights furnish the reipiired data. I'lius, supposing a piece of lead 
weighs in air too grammes, and when weighed in water it weighs 
91. 1 1 1 grammes ; by subtra<-ting 91. 1 1 1 from 100 we olitain 8.881;, 
and this is the weight of a volume of water etjual to that of tlie 
lead. A .simple [»roportion sum then gives tlu! specitic gravity of 
the lead : — 

8.889 : 100 :: i ; 11,25 

Weik'lit of (fiiual Weight of Huljstancc Speeilh- gravity gravity 

vol. of water. in air. of wat^ r. of leaU, 

In the ca.se where the speeitic gravity of a .sulistanco wdiich is 
soluble in water lias bi he taken, a.s, for instance, that of a crystal 
of sugar, it is first weighed in air, then in some tluid in which 
it is insoluble, .such a.s oil of turjientine. The specific gravity of 
tlie oil of turpentine, or other fluid used for this pur[)ose, is also 
ascertained, when a sim[)Ie calculation gives the specific gravity of 
the body in question. 

Specific Gravity of Gases. — These are determined in a very 
simple manner. A glass globe provided with a stop-cock is weighed 
full of air ; the air is then exhausted as completely as possible by 
an air-pnmp, and the weight of the empty globe taken. This will 
bo less than the first weiglit, and this loss is the weight of the air 
which the globe contained at the temperature and the pressure of 
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the atmosphere at the time tlie experiment was made. The globe 
is now filled with the gas to be examined, its weight again taken, 
due attcnticm being paid to the temperature of the gas and the 
pressure to which it is subjected. * If these latter are the same as 
when tlie globe filled with air was weighed, then the following 
simple projiortion sum gives the specific gravity of the gas, taking 
air as the standard : — 

Weight of air ; weight of gas : ; i : specific gravity of gas. 

If the ga.s be weighed at a dillerent temperature or at a different 
pressure, then these varying conditions will have to be taken into 
account and the requisite calculation made. 

Methods of taking the Specific Gravities of Liquids. — This is 
hy far the most important branch of the subject, so far as the 
brewer is comanaied, since, in Ids numerous operations, lie is very 
often guided by the varying specific gravities of the liquids with 
which he is constantly dealing. There are several methods of 
taking the specific gravity of a liipdd, .some of Avhieli leave nothing 
to he desired in the matter of exactitude. 

The Specific Gravity Bottle. — Amongst tlie most accurate in- 
struments for obtaining the specific gravity of a liqui<l is the specific 
gravity bottle (Fig. i). This consists of a 
light glass flask, generally made to CiUitain 
some even (piantity of distilled water at 15.5 
C. (60° F.), such as 50 or 100 grammes, or 
500 or 1000 grains. An accurately grouiul 
stopper, perforated by a fine liole, fits into 
the neck of the little flask. It is .so ;u*ranged 
that when the flask, including the perforatimi 
in th(‘ stopjier, is filled with pure water at the 
temporaiure of 15.5’ C. (6o“ F.), the (piantity 
of water in the flask just amounts to one of 
the weights mentioned above. In using the 
apparatus the flask is completely filled with the 
lifjuidto he examin(’(l,and the stopper inserted, 
care ])cing taken that the liquid has a teni- 
jxiraturo of 60“ F. ; the exterior <tf the llask is 
then wiped perfectly dry and the whole 
weighed. Tlie weight of tlie llask, which 
must have been previously a.seortained (usually a brass counterpoise 
equal to the weight of the flask is supplied along with it, and this 
obviates the first part of the next calculation), is now deducted 
^roni the total weight ; this gives the weight of a volume of the 
liquid equal to that of the water whicli the flask liolds. The fol- 
lowing calculation then gives the specific gravity of the liquid 
under examination : — 

Weight of : weight of : : specific gravity : specific gravity 
water liquid of water of liquid. 

B 



Ktu, t.— Spei'itlc Gravity 
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Supposing the experiment to have been coiulueted with a flask 
holding 100 grammes of water, and the weiglit of tlie eoiTespond- 
ing volume of the liquid under examination is found to be 100.42 
grammes, then the calculation, taking tlie speciiic gravity of water 
as I (or, as it is commonly expressed, water = i), is as follows : — 


100 : 100.42 I : 1.0042. 

If the speciiic gravity of water be taken as loo (water - 100), then 
the specific gravity of the lh|uid exprc.ssed under these conditions 
would be TOO. 4 2. 

In tlie Itrewerv tlie sjiecilic gravity of water is always taken as 
TOGO (waters 1000), and the speciiic gravity of the 
— above liquid, expres.s(Ml in this way, would lx* 1004.2. 

It is ()I)vious that a flask containing any quantity 
could b(‘ made to serve this purpose, mily in such a 
<*ase a calculation W('uld have to j)e made each time, 
whereas, with a flask holding 1000 delinite units of 
Weight, tlie result can be (ditaimal by mere insjiec- 
tion ; or, with a flask whicli <‘ontains 50 or 500 units, 
the result needs simply multiplying by 20 or 2. 

The Hydrometer. I’ll is instmment is the one 
most freqmmtly used lor asccrtaiiiiiig the speeilie 
gravities of liquids in mannfaeturiiig ojierations, 
since it is ]»y far the easiest and most convenient 
« to manijiulate. At the. saim; time its indications 

are not ab.solutcly accurate, Imt they are sutlici- 
ently .so for most piactical purposes. Its usual 
form is sbowji in tlie aecompanying cut, Pig. 2. 

1 be instrument is generally made of glass, .some- 
times <if metal, atid consists of an elongated cylin- 
tlrical bnlb, having attached to its upper end a 
i gla.ss tube of larger or smaller diameter aecording 
to tlie delicacy reqniied in the readings of the 
/ instrument, and enclosing a scale of jiaper or ivory, 
ilic lower portion is a small gla.ss bulb, partially 
tilled with small shot or im'rcuiy. This not (tiiIv 
compels tlif! hydrometer to float in an iqirigbt 
jiosition, but al.so enables tln^ maker to regulate 
its weight. J he action of the instrument depends 
on the i»rinciple “that a Ixxly, wlieii floating in 
a liquid, di.splaces a volume of tlie liquid ecjiial 
to its own weight.” This may be illustrated by 
taking a piece of perfectly cylindrical glass tulic, Pig. 3, and 
closing its lower end. A mark is then ma<!e on the tube at some 
little distance from its top, an<I the length lietween thi.s mark 
and the bottom of the tulie divided into tw(*lv(; equal parts 
by lines etclied on the tube. To the lines figures us shown 
in the cut are appemled. The tube is now loaded with shot 
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or mercury until, wlicn iilaced in water, it sinks to the point 
miirked 10. Tlui volume of water displaced will be equal to 
that of the tube fiajin Hgure 10 to its lower extremity, and 
this volume of wat(*r will have the same weiglit as the tube 
and its contents have when wei^^hed in air. For example, let 
th(5 volume of water disj)laced by the tube when immersed to line 
10 b(‘ 100 c.c. (cubic centimetres), and as 
I culiic centimetn* of water wei,^hs one 
graiiDiie, the Avei^^dit of the ap})aratus will 
lie 100 .L;raiiim(‘s. If the lube bo now 
placed in a liquid whicli lias a hij^^her 
specilic <^ravity tlian 'water, it will not .sink 
so far as tin* line 10. WluMi placed in 
such a liquid, let the tube sink to the line 
marked 5 ; then it is obvious that the 
volume of liipiid displaced in this case is 
only 50 c.c., or half the size of lhat of the 
wat(*r (lisplaceil in (he previous experiment, 
but since this (plant ity of the liipiid must 
liave the same wciylit as the volume of 
wat(‘r [ireviously displaced, and as it is half 
it.s size, 50 c.c. of it must weiydi 100 ,uramni(‘s, 
and a i^iveii volume of such a li(piid will 
weji^di iwieii as much as an e(pial volume 
"f water, or in other words, it has a specilic 
^U'avity twici^ that of water. If, on the 
otlier hand, the tube be placed in a li(piid 
''pecitically lighter than water, it will sink farther than the 
laark 10. Let it b(.‘ placed in a li([uid in which it sinks to the 
Jnai'k 12. Obviously, then, twelve volumes of such a liquid W'eigh 
List as much as t(*n volumes of water, consiMpiently the specilic 
gravity of the lliiid would be that of water. Every line on 
tli <3 S(‘ale corresponds to a certain specilic gravity, and this can be 
h)und in each case by a sum in simple proportion, thus; — 

Vol. of liquid : vol. of water sp. gravity of : x 
displaced di.'^placed water 

‘Supposing the tube to sink to tbe line marked S, and that we 
'dve tlui .specilic gravity of water as 1000, tlien — 

8 : 10 :: 1000 ; 1250. 

El using this ap}iaratus, we make the converse observation to that 
iich we make wdtli the specilic gravity liottle : witli the liydro- 
jv ■ cr we ascertain tlie relative volumvA of the same treifjJit of 
/ ''^Eh the specilii’ gravity bottle we aseertain the relative 

0.17 //.s of the same votume of liquids. Obviously, then, by means 
le instrument constructed in the before-mentioned way we 
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could roughly determine the specific gravity of many liquids. In 
order to be able to make the determinations of tlie instrument 
more exact, the form shown in Fig. 4 is given to it. The expan- 
sion of the stem does not in the least allect the principle of tlie 
action of the instrument, so long as we know the relation between 
the volume of the graduated portion to that of the wliole api)aratus. 
Supposing the instrument Fig. 4 weighs 100 grammes, and when 
immersed in water up to the mark 90 displaces 90 grammes of 
water, and that, when immersed in water and left to itself, it 
sinks to the point 100 and then disjdaces 100 grammes of water, 
and that the distance from 90 to 100 is divided into ten equal 
parts, the specific gravity which corrc'sponds to any of 
''1 these divisions can be ascertaineil as in the former case. 
For instance, let the instrument sink in a liqiiiil to the 
mark 95, then — 

■ 95 : 100 : : looo : 1052..S63. 


Volumeters. — Instruments made on tlie principle just 
mentioned are also termed “ volumeters bet'au.^e they ex- 
press the volumes of li<[uids equal to a given weight, he., 
the weight of the instrument. Of sucli a nature is the 
volumeter of Oay-Lu.Nsac, It is, liowever, exceedingly 
inconvenient to have eitluT to make a calculation or 
to consult a table each tinn; the instrument is used ; 
consequently, instruments are generally graduated so 
tliat the reading of the scale gives directly the specific 
gravity of tln^ lirpiid under examination ; and this 
form is the one exclusively used l)y brewers in this 
country. 

Instruments which directly Indicate Degrees of 
Gravity. — The principle underlying the graduation 
of all instruments wliich show degrees of specific 
Hytirometer. gravity directly may lx* explained in the following 
manner. 8uppo.se the j)erf(*ctly cylindrical tul)e (Fig. 3) 
to be so weighted that, when floating freely in water, it sinks 
to the point marked 10; the volume of water <lisplaced by the 
tube is equal to the volume of the tube from its lower end to lo ; 
call tins quantity i volume. Let this distance in the tube be 
divided into 100 equal spaces and numbered consecutively. From 
what ha.s been said before, we know timt if the tu])e when 
immensed in another liijuid only sink.s half the distance it did 
in the previoms ca.se^ or to tlie [mint marked 50, then that fluid 
has twice the specific gravity of water. If, when placed in 
a third liquid, it only sinks a third, that is, to the point 
marked 33.3, then sucli a liquid has three times the specific 
gravity of water. Hence it follow.s that the specific gravities 


I, 2, 3, are proportional to the rolnwes 


2’ 3’ 


and this may be 
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extended to any degree of fineness by employing closer numbers. 
Thus specihc gravities i, i.oi, 1.02, 1.03, are proportional to 

voliiiues ^ ^ . These latter fractions equal respec- 

tively the volumes i, 0.99009, 0.98039, 0.97087; they are, in 
otlier words, the reciju'ocals ^ of tlie speeilic gravities ; and since 
the specific gravities are in arillimetical progression, it follows that 
the figures for the con-esponding volumes are in harmonic " pro- 
gression. When, therefore, a hydrometer is so graduated as to 
show directly s[)ecitic gravities, its graduations are the reciprocals 
of the specific gravities it is constructed to indicate, expressed as 
fractions of the volume of water which it displaces when allowed 
to float freely in that liquid. As these numbers are in harmonic 
progression, the intervals of such a scale w'ill not be equal, but 
l)ecome gradually closer together at that portion of the scale 
whicli indicates the higher gravities. This may be readily seen 
on observing the scale of a hydrometer, Fig. 2 (page 18). This 
inequality of the intervals between the divisions of the scale 
becomes less and less a[>parent as the indications of the instru- 
ment increase in delicacy ; but it is obvious that they must exist 
even in instruments constructed to show very minute, differences 
in specific gravity. 

Hydrometers which Indicate Pounds per Barrel.— These in- 
strinmmts in reality only indicate specific gravity in another way. 
hong's saccharometer, which may be taken as an illiistr.ation, is 
made of metal, and has a flat stem, on the oppo.site sides of which 
are two scales, the one reading from o (specific gravity of water) to 
25 ll)s. ])er barrel, the. other commencing with 25 Ihs. per barrel 
and extending up to 52 lbs. When the gravity of the liquid being 
examined exceeds 25 ll)s. per barrel, a small weight is attached to 
the lower part (’•f the instrument, and the readings arc then taken 
frmii the second scale. As we shall recognise later on, the ex- 
lire.ssion “ pounds per barrel ” is an exceedingly convenient one 
for use in the lu’ewery. 

Relation of Pounds per Barrel to Specific Gravity.— Tliis 
(taking water at 1000) is as followcs : — A liarrel is equal to 36 
gallons, and as a gallon of water weiglis 10 lbs., a barrel of water 
will weigh 360 ll)s. A liarrel of another liquid, .such as wort, wliich 
has a higher specific gravity than water, will weigh more than 
360 lbs. On taking the gravity of sucli a liquid w’itli Long’s 
^'acclmronieter, or a similar instrument indicating pounds per barrel, 

' J lie reciprocal of a munber is the quotient obtained by dividing unity 
l>y that number. 

■ Numbers are said to be iii arithmetical progre.ssion when they increase 
or decrease by equal differences, as o, 3, 6, 9, 12. When a series of numbers 
Jne in harmonic progression, the ratio between the first and third of any three 
numbers is as the difference between the first and second is to 
1 difference between the second and third; thus the figures 2, 3, 6 are iu 
^'Uinonic progression, and consequently 2:6::3-2!6-3. 
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we ascertain how many more i)ouncls a l)aiTel or 36 gallons of such 
liquid weighs over and above 360 lbs. Supposing a sample of 
wort, when tested in this manner, shows 18 lbs. ])er barrel, a barrel 
of such a wort will weigh 360 + 18 ^ 378 lbs. Its specific gravity 
may be found by the following sum in proportion : 

360 : 37S :: 1000 : loso 

Weight of lianel W'eiglit of barrel Weight of icxxi parts Weight of i.,oo parts 
of water of wort of w.ater of wort 

Conversely, the weight i^f :i barrel of wort may lie fouml from the 
specific gravity in tin* following manner : — 

1000 : 1050 :: 360 : 378 
ami 378 - 360 (‘qnals 18 11 )S. 

Or the weight per barn ‘1 may iilso l)e found from the speciiic 
gravity in the following manner, where the weight in excess of 
th(i 1000 is employed : — 

1 000 : 360 : : 50 ; 1 8. 

As 360 1000 = 0,36, the same result is obtaiiKMl liy muitiplying 

th(‘ 50 liy 0.36 tlius, 1050 1000 ■: 0.36 - 18 lbs. per Itarrel. 

The converse operation, (!(»nversi<»n of pounds por barrel to specific 
gravity, may Ite effected by divi<ling tlic nnmbcr of i.oumls per 
barrel by 0.36, ami adding the sum tints obtaine<l to 1000, ;is 
18 - 0.36 = 50, and 50 -t- 1000 = 1050. Tlic number 36, 
being tin* number of gallons contained in a bativl, is one. easily 
remembered. Sjtecific gravity, when expressed in tlie usual manner 
(f.c,, water looo), may be regarded tis the weight in excess in 
pounds over ami above the weight of a humlrt'd gallons of waiter, 
that is, 1000 ll».s., just as jkuiipIs perliarre} are the exei'ss in weiudit 
over and above 36 gallons (or 360 ll.>s. ) df water. 

Hydrometers which Indicate directly the Percentage of 
Substance in Solution.- of this nature, is the hydroimuer of 
P»alling, almost exclusively used in (Continental breweries. Its 
imlieations show how' many paits of cane-sugar lire eoutained in 
100 parts ])y wadght of a solution at a hunperatine of 14" H. 
(^3-5 ^•)’ seem surprising that a hydronieter indicating 

percentages of cam;-sugar sliouhl used in brewing operations, 
instead of one wliich indicate.s percentages of brew'crs' extract. 
It has, however, proved so difficult to ascertain what the true ]>er- 
centages of brewers’ .extract corresponding to the various degrees 
of gravity are, that it is found advisalde to take some readily 
accessible substance, a .solution of which can be easily preparell 
of any required strength. Though the instrument does iiot ex])res.s 
true amounts of brewers’ extract, yet its indications arc strictly 
comparable amongst themselve.s, and this is the question of real 
importance to the brewer. On the Continent, therefore, the gravity 
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of a wort is usually expressed in percentages of extract according 
to Balling’s scale, and the amount of gravity lost during fermenta- 
tion in a similar manner. 

Tralles' Alcoholimeter. — This instrument is also constructed 
on an empirical scale, and indicates directly the amount of alcohol 
by volume contained in mixtures of alcohol and water at a tem- 
perature of 60“ E. 

Bates' Saccharometer. — It is obvious that the length of the 
scale of any hydronuiter of a convenient size is limited, if its divi* 
sions are to be so wide apart that they can be read with accuracy. 
Conscipiently, in order to deal with the various spceiHc gravities 
of the Iluids met with in the brewery, it is necessary to have 
several instruments with diflerent scales. This, though of no 
importance when the hydrometers are kept in one room, becomes 
a positive disadvantage wlnui they have to lie (airritnl alxmt from 
place to }»la(‘e. A number of attempts have Iteen made to obviate 
this inconvenience and to contrive a singh‘ instrument Ity means 
of which, with slight alterations, all the gravities met with in the 
brewery may 1 h* measured. Tln^ proldem was satisfactorily solved 
by Bates, who constriuded an instrument provided with live re- 
movable weights, or “ poises,” as they an* termed, and capable of 
estimating tlui s])eeific gravity of any licpiid from 1000“ to 1150'’ 
(water = 1000). This is the instiaiment universally employed by 
the Excise Authorities, and also very freipiently by luewers. 

Bates’ saccharometer is constructed of brass, and has much the 
same form as an ordinary hydnaneter. but tlu' stem is stjuare 
instead of cylindrical. In ])lace of the lower bulb, which in the 
ordinary hydrometer is weighted with mercury or shot, there is a 
ring to which can be attacluMl in turn, by means of a conical hole 
in its under side, a number of j)ois(‘s of ditlereiit weights and 
bulks, each of which is provided witli a conical peg. In this way 
a portable instrument, reading from 1000 to 1150"^ of specitie 
gravity (water — 1000), is obtained. The scale has thirty principal 
divisions divided into halvi'.s, and, with the smallest pt)ise attached, 
the instrument indicates degnu's of gravity from 1000 to 1030; 
that is, the reading of the scale plus 1000. The other poises are 
marked res[)ectively 30, 60, 90, 120, and, when any one (d these 
IS attached to the instrument, the number marked on the poise is 
cidded to the reading of the scale and their sum added to the 1000. 
Thus, if the instrument witli the poise marked 60 attached, is 
nnmersed in a liquid ami sinks to the mark 15 on its scale, then the 
specific gravity indicated will be 15 4- 60 -e. 1000 - 1075“. The 
i nnciples which underlie the construction of the instrument may 
ke explained in the following manner. Suppose that an instru- 
ment has its stem so divided into thirty divisions that these 
indicate degrees of specitie gravity from 1000 to 1030, and that 
the instrument weighs 103 grammes. It is evident that when 
inimersed in water it will displace 103 c.c. (i cubic centimetre 
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of water weighs one gramme), and that when placed in a liquid of 
specific gravity 1030 it will displace 100 c.c. If to the instru- 
ment a poise be attached which has a hulk of 3 c.c. and a weight 
of 6. 1 8 grammes, it will sink to its zero mark when immersed in 
a liquid of specific gravity 1030, because the total hulk of the 
instrument is now 106 c.c., and this multiplied by 1.03 = 109.18 
graiunie.s. When immer.sed in a liquid of specific gravity 1060 it 
will sink to the ])oint imirked 30, since it then displaces 103 c.c, 
of liquid and 103 x i.c6 = 109.18 grammes. This may also be 
shown to be true of every other division on its .scale. If another 
poise having a volume of 6 c.c. and weighing 12.54 grammes is 
attached, then the instrument registers from 1060 to 1090 of 
specific gravity, for either 109 c.c. of a liiptid of spcciiic gravity 
1060, or 106 (•.<•. of a iluid of spcciiic gravitv 1090, weigh 115.54 
grammes. It is obvious that this i)rocess can be extended, (;acb 
successive ]>oise having an additioi»al volume of 3 c.c. and a 
constantly increasing weiglit. The following considerations will 
show liow this weight is obtained ; — 8u{>po.se that without increas- 
ing the original volunui of tin' instrument ( 103 c.c;.), we wish to 
make it sink to zero in a liquid of a sjiecific gravity of 1030, we 
shall have to increase its weight ])y (103 x 1.03) - 103 - 3.09 
grammes. If we add on a voluim^ of 3 c.c. this will displace 
3 X [.03 = 3,09 grammes, consequently this weight will have ti> 
Ite added to the iii'lniment in addition to the fornu'r one to cause 
it to sirdv to zero, aiid 3.09 3.09 -- 6.18 gramnucs. d'he weights 

of the other poises may be found in a similar manner. It is 
oljvious that whatever the original volunH‘. of the instrument 
may be, the resp(‘(.‘tiv(; volumes and w(dghts of the poises may 
be obtained from the above <lata by simple pro])ortion. 



CHAPTER 11. 


CHEMISTRY, MTTH SPECIAL REFERENCE TO THE 
MATERIALS LSEI) IN BREWING. 


Hkfoue entering into a iletailed deseription of the clieinistry of 
the materials used in brewing, it will he well to devote a short 
space to tlie consideration of a few of the fundamental principles of 
chemistry. 

The Elements. — I'lie chemist is able to split up most of the 
])odies which occur in nature into two or more substances. This 
process is called “ chemical analysis.’’ 

After ta)ntinuing the splitting up for a time, a stage is reached 
ill which a variety of liodies are obtained which resist all attem])ts 
at further division. Supjiose the chemist takes a piece of chalk ; 
he is readily able to split this body into calcium, carbon, and 
oxygen ; Ijiit he can go no further than this, for, however much 
chemists have endeavoured to split up calcium, carbon, or oxygen 
into other bodies, their etibrts havi* so far been unsuccessful. 
Substances of this nature, which it has been found impossible 
to further chemically subdivide, are called “elements.” 

AVorking in tliis way, chemists have been able to discover 
some 67 ditlerent elements. Comparatively few of these, how- 
ever, concei-n tlie brewer, as only some 14 of them occur in the 
materials used in brewing. 

Chemical Symbols. In describing the elements, it is customary 
to indicate each of them by a symbol. This is either the tirst letter 
or the first two letters of the Latin name of the element. Thus IT is 
used to denote hydrogen, 0 oxygen, (.’a calcium. Cl chlorine, &c. 
In most instances the initial letters of both the English and Latin 
names of the elements are identical ; in a few, as, for instance, 1 C 
(Inilium) imtassium, Ka (natrium) sodium, Ac., they are not. 

Atomic Combining Proportions. — When elements combine 
''vith each other, the combination always takes place in some definite 
relative weight or mnltiple of that weight. Thus when oxygen and 
calcium combine, it is always in the })ro{)ortioii of 16 parts by weight 
of oxygen and 40 parts of calcium. The number 1 6 is called the 
atomic weight of oxygen, and 40 tliat of calcium. The symbol is, 
lowever, used to express something beyond the mere name of the 
element ; it not only denotes tlie element, but its atomic weight as 
well. Thus when we write FeO (ferrous oxide), w'e not only 
express a compound of iron and oxygen, but also at the same time 
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signify that tlie compound consists of one atom or 56 parts by weight 
of iron, and one atom or 16 i)arts ])y weiglit of oxygen. If we have 
72 ounces of ferrous oxide, we know at once from its formula that 
it contains 56 ounces of iron and 16 ounces of oxygen ; or if it were 
72 pounds, tons, or grains, the other tigures would be respectively 
pounds, tons, or grains. In such a compound as water, where two 
atoms of liydrogen are united to one atom of oxygen, a small Hgure 
2 is appended to the symbol for hydrogen, H., ; H „0 therefore de- 
notes tliiit water is composed of two atoms of hydrogen combined 
with one Jitom of oxygen. Similarly NIL, (ammonia) stands for 
one atom of nitrogen combined witli tliree atoms of liydrogen ; 
CH4 (methane), one atom carbon and four atoms hydrogen. 

Table of the more Common Elements. — The following table 
contains a list of those elements which are principally met with 
in brewing chemistry, together with their symbols and atomic 
weights : — 


Hydrogen, 

H 

I 

Sulphur, 

S 

32 

Carbon, 

C 

12 

Chlorine, 

. Cl 

35- 

Nitrogen, . 

N 

14 

l'ota.ssium (Kalium . 

K 

39 

Oxygen, . 

0 

16 

('alciurn, 

C.'a 

40 

Sodium (Natrium), 

Na 

23 

Iron (Kerr u 111), 

. Fe 

56 

Magnesium, 

Mg 

24 

Copper (Cuprum ', 

, Cu 

63 

Aluminium, 

A1 

27-5 

Silver (Argentum). 

• Ag 

108 

Silicon, 

Si 

2S 

Iodine, 

I 

127 

Phosphorus. 

P 

31 





Valency.-— Another characteristic of the atoms of the elements 
is that \vith some of them the atom is capable of uniting with 
one atom of another element, as hydrogen, which only forms one 
compound w’ith chlorine, hydiochloric acid gas, IICl. Sucli ele- 
ments are termed “ univalent.” The atom of others is able to unite 
with severid atoms of another element, as we have just seen in the 
ca.se of water, where one atom of oxygen unites with two atoms 
of hydrogen. Hence the element oxygen is termed “bivalent.” 
“Trivalent” nitrogen is able to unite with three atoms of hydrogen 
to form NH,, (ammonia), and “rpiadri valent” carbon can unite with 
four hydrogen atom.s to form methane, (JH^. This atom-lixing 
power is called “valency” or “ eipiivalence,” and the greatest 
num])er of hydrogen atom.s, or their equivalent, which any particular 
element can fix is taken as its stamlard of valency. In the case 
of such an element as calcium, which does not combine directly 
with hydrogen, we are compelled to ascertain its valency indirectly. 
Calcium combines readily witli oxygen to form calcium oxide, CaO, 
and since, so far as valency is concerned, one atom of oxygen is 
equivalent to two atoms of hydrogen, calcium must be bivalent. 

Bonds. — It is exceedingly convenient to be able to give visible 
expression to the valencies or atom-fixing powers of elements, and 
for this purpose short lines drawn from the symliol of the element, 
technically called “ bonds ” or “ bonds of affinity,’’ are frequently 
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made use of. Thus one short line affixed to tlic symbol H — tells 
us that the hydrogen atom possesses one bond of affinity ; three 

I 

similar lines to nitrogen — N— that it has three, — C— that 

I i 

carbon has four, and so on with the rest of the elements. 

Chemical Union. — When two atoms enter into chemical com- 
l)inatiori with each other, the bonds of tin; one are supposed to 
l)ecome linked with those of the other. Thus in the compf)und 
II — Cl, the bond of the II atom is linked to the bond of the Cl 
atom ; in water H — 0 — H the two bonds of the oxygen atom are 
linked to the bonds of the two hydrogen atonm. Similarly, 

H 

I 

H-N— li and H-C-H 

I I 

II H 

In order to more vividly picture the valency of elements, and 
the way in which their bonds of affinity unite, stiiall diti'crently 
coloured Ijalls with short pegs affixed to them are often employed. 
Thus hydrogen may l)e represented by a white ball with one peg, 
clilorine by a yellow ball with one ))eg, oxygen l»y a re<l ball with 
two pegs, nitrogen l)y a blue ball with thi’ce pegs, and carbon ])y a 
black ball with four pegs. The ])egs are easily connected by small 
])ieces of rubber tubing. The following compounds illustrated in 
this way appear thus • 



Constitution. — Any plan of this kind which gives us an idea 
iis to the position in wliicli the various atoms of a compound are 
arranged with reference to one another is called a “structural” or 
constitutional formula”; that is, it expresses the structure or 
'-onstitution of the compound. 

It must be distinctly borne in mind that all this doctrine of 
valency and linkage of atoms is purely hypothetical. It has, 
liowever, proved itself of such immense assistance in explaining 
the way in which compounds are built up or pulled to pieces, that 
d may fairly be considered that some such arrangement of the 
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atoms really exists, though we are by no means certain as to what 
its exact nature may be. 

Saturated Compounds. — When, as in the cases above men- 
tioned, all the bonds of allinity of an element are linked with those 
of one or more other atoms, such an atom is said to be “satisfied.” 
Thus a univalent atom requires one univalent atom to satisfy it, 
as in II — Cl (hydrochloric acid g;is). A liivalent atom requires 
either two univalent atoms or one bivalent atom, as in calcium 
chloride Ca = Cl.„ or calcium oxide Ca = (). Similarly, a trivalent 
atom re(|uires three univalent, and a quadrivalent atom four uni- 
valent or two ])ivalent atoms to satisfy it, as in — 

/H 

Mcthaie- carbon dioxide C ” 

^11 

Snell com|)ounds as the above, in which all tlie bonds of 
afiinity of tin* atoms are satisfied, are known as “saturated com- 
pounds.'’ They are pos.sessed of considerable stability, iind are 
incapable of taking up more atoms. 

Unsaturated Compounds. — In such compouiuls as carbon 
monoxide, two of tin* bonds of tin* carbon atom are 

unsatisfied, and as this latter pair of bonds ait; ready to attach 
themselves to other atoms in onler to becomr; satisfied, the result- 
ing compound is unstable* and prone to change. 

Tlius the simple ignition of carbon mono.xide gas in air affords 
the unsatisfied Ixmds of the carbon the o})portunity of attaching 
themselves to an atom of oxygen to form the saturated com))ound 
carl/on dioxide, O ~ C 1 ). Such compounds as carbon monoxide 
are .^aid to Ite “unsaturated.” 

Molecules.- When two or more atoms combine in such a 
manner that all tin* l)onds of afiinity of the varifius atoms are 
satisfied, the om3 with tin; oth(!r, the resulting mass is termed a 
“molecule.” Thus, H — Cl, (J = 11.,, C IIj, are molecules. The 
molecule is considered t(» b<^ the smallest mass of matter which 
can exist in a free state. 

From this it is inferred that the elements do not exist in the 
state of atom.s, but as molecules, two or more atoms being always com- 
bined, .so that the bond or bonds of affinity of the one atom .satisfy the 
bond or bonds of the other. Thus, liydrogen is HUj)po.sed to exist 
as 11— H, oxygen as 0^0, and .so on with the rest of the elements. 

Pint many chemical reactions are known in which an inter- 
change of atom.s takes place. For instance, when the metal 
sodium is placed in contact with water, the following reaction 
ensues : — 


Na — Na s- 
Sodlum. 


H_0 -II 
H-O—H 

Water. 


Na-O-II . 
- Na-O— H 
Soaiiiiii hydroxide. 


n H 

Hydrogen. 
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In this, one of the hydrogen and one of the oxygen atoms of each 
molecule of water unite with one of tlie sodium atoms to form a 
molecule of sodium hydroxide. The remaining hydrogen atoms 
of the molecule of water are liberated, and unite to form a molecule 
of hydrogen. The atom is considered to be the smallest particle of 
an element which is capable of taking part in a chemical reaction. 

Nascent State.--When, as in the case just mentioned, an 
element is liberated from a compound in atoms, it is said to be 
in the nascent state, and in this condition it manifests a degree of 
activity which it does not (‘xliibit under ordinary circumstances. 
Eor instance, hydrogen gas may be passed through a dilute solu- 
tion of nitric acid (HNOg) without in the slightest degree atlecting 
the composition of the acid. But if hydrogen be generated in the 
nascent state in such a solution, tin? chemical composition of the 
acid becomes entirely changed. The hydrogen, under these cir- 
cumstances, is able to combine with and remove tlie whole of tlie 
oxygen of the nitric acid as water, whilst at the same time two 
otiier atoms of hydrogen attach thems(dves to the nitrogen to form 
ammonia. In this way nitric acid is converted into ammonia 
according to the following equation : — 

1 IN 03 + SH* = 6H.,0^ Nil,.. 

Other elements, such as oxygen, nitrogen, Ac., behave in a similar 
manner. 

Chemistry of the Carbon Compounds. - l)y far the greater 
number of bodies with which we have to deal in the operation 
of brewing have at one time entered into the structure t)f and 
been formed by living organisms. Hence they belong to that 
<lomain of chemistry wliich was at one time called organic, hor- 
mcrly the opinion was held that the .so-calh‘d organic compounds 
were of a nature es.sentially dillerent from the inorganic. Though 
the chemist could readily build up the latter class ot bodies from the 
elements, he had been, up to that time, unable to form any of the 
substances belonging to the former class in a similar manner. 

This view received its death-blow in 1828, when \\ older pro- 
duced urea artificially. Since then it has l)een tound possible to 
build up in the liiboratory an enormous number of substances which 
it was formerly supposed could only bo formed by living organisms. 
Even such complex bodies as the sugars have been built up from 
the elements in recent times, and it is now fully recognised that, 
chemically, there is no ditterence between organic and inorganic 
ompounds. They arc composed of the same elements, and these 
obey the same laws of chemical combination ifi either class of bodies. 

Since the element carbon enters into the composition of all the 

* A large numeral placed before a symbol or group of symbols means that 
the symbol or group is to be multiplied by that number. Thus, in this equa- 
tion 8 H stands for eight atoms of hydrogen, and 6 H 2 O for six molecules of 
water. 
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so-called organic bodies, that which was formerly termed “ organic 
(diemistry ” is generally spoken of now as “ the chemistry of the 
carl)on compounds. ” 

The elements which enter into the composition of organic sub- 
stances are, as a rul(‘, extremely limited in number, being generally 
contined to not more than five ; yet the manner in which, by the 
^)percitioii of a few simple laws, these few elements are varied in 
their relations one with another, and the enormous number of 
dilferent sul)stances which are produced in this way, naturally or 
artificially, is truly remarkable. One of the most striking features 
of this department of chemistry is the numerous series of com- 
pounds which are constructed on a definite plan common to all its 
members, eacli of which mendy differs from the member preceding 
it as we proceeil down tiie s(Mies by some simple relation, such as 
containing one atom of carbon and two atoms of hydrogen more. 
Such series are called “ homologous ’’ (ofioi, like, Aoyo?, descrip- 
tion), because all the members of any |)articular series being con- 
structed on the same plan, tin? same description applies to each. 

The first of tln*sc series, the paraffins, is a particularly im- 
poi’tant one, for it f(;rms the foundation of many other homologous 
series which contain bodies of special interest to the brewer. We 
shall find as we proce(?d that tin; paraffins are, as it were, tin; 
skeletons of such lx)dies as alcohol, the sugars, and many other 
substances. 

H 

I 

The PaPafflnS. — The fust member of tliis series is H— C -H 


If 

methane, a body in which the four bonds of the carbon atoms 
are each linked witii an atom of hydrogen, and as all the bonds 
c»f the carbon atom are satisfie<l in the al)ove compound, a 
molecule of considerable sta))ility, and one which is incapabh; 
of attaching further atoms to itself, results. 

The boinls of the carbon atoms have the power of satisfying 
one .another under (;ertain conditions, and by virtue of this pro- 
jicrty a series of fxxlies of the following constitution is formed : — 


fl H 

! I 

H—C— C-H 
! ' 

H U 

Ethane. 


H II H 

I I ! 

H-C-C-C—H 
I I I 
H H H 
rropnne. 


II H H II 

I I I I 
_c-c— C— c- 


I I I 

H H H 
Tetranc. 


and SO forth, in whicli the carbon atoms are linked together in 
what is termed an “open chain.” 

In this way the second and remaining members of the paraffin 
series are progressively built up : — 


Methane . CIB 

Ethane . 

Propane . CaHg 


Butane . . C4H10 

Pentane . . . CgHis 
Hexane . C0H14 
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Each member of the series as we descend contains one carbon 
and two hydrogen atoms (CH^) more than the preceding one. 
The list does not stop at hexane ; all the members of the series 
from methane CH^ to hexadecane are known. 

Substitution. — The paraffins being fully saturated, show no 
inclination to combine directly with other bodies, but they exhibit 
in a marked degree tlie curious property — shared by most organic 
compounds — of allowing one or more of their hydrogen atoms to 
be replaced by a univalent element or group. This process is 
called “substitution.'’ For instance, it is possible to replace suc- 
cessively the hydrogen atoms in methane by the univalent element 
chlorine, and obtain in this manner the following four bodies : — 

Cl Cl Cl Cl 

I I I I 

H— C— H H— C— Cl H-C— Cl Cl— C— Cl 

I I I I 

H 11 Cl Cl 

iJonochloroniethane. Dlcliloroniethaiie. Trichliinunethaiie 'J'titrachloromethane. 

(C’hlorofonii.) 

Unsaturated Groups. — Afany unsaturated groups are met with, 
such as II — 0 — (hydroxyl), which bodv may be regarded as water 
H - 0 — II vinuis (uie atom of hydrogen. Such groui)s are in- 
capable of independent existence, but often exist in pairs, the free 
lioiid or bonds of the one group satisfying those of the other ; thus 
hydrogen peroxide (II — 0) — (U — H) is a w'ell-known compound. 

Ihit the property of these groups which chielly concerns us is 
their ])ower of replacing the elements, and thus forming what are 
terined “ substitution coni])ounds.” The univalent group H — 0 — 
piydroxyl) often takes the place of an atom of hydrogen, as, for 
instance, when it re|)laces oin; of the hydrogen atoms in methane, 
H 

niid yields H— C— 0— H or methylic alcohol, 

i 

H 

Compound Radicles. — Unsaturated groups, which, so far as 
substitution is concerned, behave in this way are often called 
compound radicles.” The members of the paraffin series, for in- 
8 anco, when deprived of an atom of hydrogen, form such radicles. 

such a nature are metliyl CH3, that is methane CH^ minus 
one atom of hydrogen ; ethyl C2II5 which is similarly related to 
< Wine CjIIg, and so on. Obviously such bodies cannot exist in 
tlir Iree state. 

. -A^lcohols. — When one of the hydrogen atoms of a 
Me 1 ? replaced by a hydroxyl group we obtain a monohydric 
m* tl^ r homologous series of alcohols, of which 

lylic alcohol forms the first member, is produced, each member 
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differing from its predecessor by CHj. The following are the first 
six members : — - 


Methylic alcohol . CH3OH 

Ethylic alcohol . C.H5OH 

Propylic alcohol . C3H7OH 


Putylic alcohol . C4HyOH 

Pentylic alcohol . CaHjiOH 

Hexylic alcohol . CfiHiaOH 


The Glycols or Dihydric Alcohols.— Wlien two atoms of tlif 
hydrogen of a paraffin are r.-|)laccd by hydroxyl grouiis, we obtain 
another homologous series of alcohols, known as the “glycols,” 
Tims ethane — 


II— C— C -H or CIl3*Cir,j yields ethylene glycol OH— C— C— Oil 

^ II H 

or Cir,(OH)- CH,(()II); and propylene ClI,,- ClI.,- ClI, eivc. 

propylene gdyeol (J 1 I,(( )II)- CH./ Ciy ’ 

The Trihydric Alcohols. — When threi^ ol the hyilrogen atoms 
of a paralTin arii re[)la(*ed by three hydroxyl gnaips, anotluM 
homologous series of alcohols is prodiice.l (.f which glyeei'dl 

H H h‘ 

(glycerin) i.s the first memb<.*r ; thus ])ropam‘. H-C— C— C H in 

II II H ,1 


CILp Clf.y Cl r, yields H 


C -C-C- II 

i I : 


II II 11 

or CIU)n*Cll()H‘Cn,OH 


OH oil OH 

glyccTol. This and amylic glycerel are the only two members ..f 
the series kiuiwn. 


Tetrahydric and Pentahydric Alcohols are also known. 
Hexahydric Alcohols.- -When in tint parallin hexane C,.ll|j. 
six of the hydrogtjii atoms are replaced by hydroxyl groups, llif 
following alcohol, mannitol, is ol»tained — 


CH,OH-CHOHCHOH*CHOHCH01PCH,OII, 
found in the drug manna, which is excreted by certain tropical 
trees. Sorbitol, though a diflermit body, has the same constitution ; 
it is what is termed an optical .stereoi.someride (page 41). 

The Aldehydes .—Most of the monohydrie alcohols, when 
the^ are submitteii to the action of certain oxidising agents (sucli 
as pota.ssium dichromati; and .sulphuric acid), have tw” atoms of 
hydrogen removed from tlieir molecule, and a body called an 
“aldehyde” {alcohol dchi/drogenattim) results. Methylic alcohol 
when pas.sed over a red-hot .sjural of platinum wire yields methylic 
aldehyde or formaldeliyde — 

H 

I 

H-C-OH + 0 = 

H 

Methylic alcohol. 


II-C. -C HjO 

\H 


Formaldehyde. 


Water. 
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Similarly, ordinary alcohol yields ethylic or ordinary aldehyde — 
CIf3CH,()H + O = CH3*C01I 1 HoO 

Alcohol. Aldehyde, Water. 

Thus the aldehydes form another homologous series. They fre- 
(jiiently behave like iinsatiirated bodies, as if one bond of the C 
and one of the O in the COH group were umsatisfied.^ These 
uiisatislied l)onds exhibit an atlinity for oxygen, and in virtue of 
this are able to reduce many metallic oxide.s. They also form 
compounds with pheiiylhydrazine (see page 39). 

The Aldoses. T hesc bodies are of an aldehydic nature ; they 
contain the group COII, reduce alkaline metallic solutions, and 
yield characteristic crystalline compounds with phenylhydrazine. 
They are usually sweet to the taste, often ot»tically active, and 
some of them are capable of undergoing the alcoholic fermen- 
tation. The names triose, tetrose, Ac., have l)een proposed by 
E. Fischer for these bodies, according to the number of car])on 
atoms they respc'ctively camtain, wliilst the general name of 
“aldose” for the wliole group was suggested by Professor Arm- 
strong. The following members are known : — • 


Triose 

. ciboiPCHoir coii . 

. Glyceroso. 

Tetro.se . 

. ('II.OH-2(CnOll) (X)H . 

. Erythrose. 

Pento.se , 

. rn.,oii' 3 (cii()H)-coH . 

. Arabinose, xylose. 

Hexose . 

. cii.jUip 4 (Oiioii) con . 

. Glucose, galactose, 
mannose. 

Heptose . 

. CH..OIPs(CIIOH)-C()H . 

. Hepto.se. 

Octose . 

. ('H..()n-6{CH()iipc()ir . 

. Octo.'^e. 

Nonose . 

. 0IkOII-7{ClIOll) C'OH . 

. Nonuse. 

Of these, tin 

j pentoses and hexoses are 

of particular interest to 


the browTr. The pentoses ho nn'ots with to a certain (‘xtent in 
his materials, and to the hexoses or tluur derivatives belong all 
the sugars which lu? .subjects to the process of alcoholic fermen- 
tation. It is a riuiiarkable fact that of the known aldoses only 
those which contain three carbon atoms, or a multiple of three, 
are fermenta1)lo by brewer.s' yeast — that is, the trioses, hexoses, and 
iionoses.- The t)ontoso sugar arabinose, though unfermentable 
by yeast, is attacked and broken down by an (►rganism, the Bacil- 
efhaceticuti, yielding ethyl alcohol, acetic acid, carbon dioxide, 
hydrogen, and traces of .succinic acid. 

The Ketones. -This ln)inologous s(*ries of bodies may be re- 
garded us derivativijs of the aldehydes, in whicli the hydrogen 
J oiu of the Coil group i.s replaced by a compound radicle derived 
•mu a paratlin. Thus when the II atom in aldehyde is replaced 
(^^lethyl), acetone is formed — 

Clla-CO-lI CH3— CO-CH3 

^ Aldehy<le. Acetone. 

Siio forinulH, p. 34. 

anfermentabl** property is only possessed by iiono-mannose, iiono-glucose being 

C 
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Tho group CO (carbonyl) is the distiiigiiisliing characteristic both 
of the aldehydes and of the ketones. Mixed ketones also exist, 
such as methyl ethyl ketone, CH^* CO* C.,llr^. 

Ketoses. — These bodies bear the same relation to the ketones 
that the aldoses do to the .aldehydes. Fructose (Inevulose), one 
of the constituents of malt and of invert sugar, is of this nature. 
It has the following constitution : — 

CH,OH* CHOII- CHOII- CHOH- CO- CHoOH 
and may be considered as derived from butyl-methyl ketone, 

0113- Clb OIL- GIF- CO-CH.,. 

Cyanhydrins. — These bodies are produced by the direct 
union of hydrocyanic ,'icid with an aldehyde; or a ketone, thus : — 

CHyCOII + HCN = CHyCHOH’CN 

Alilt*hy<k*. Hydrocyanic aci<i. AUltdiydc cyanhydrin. 

(CIO,- CO •- HCN = (CHaVCOH-CN 

Acetone. Hydi'ocyanic acid. Acetone cyanhydrin. 

Similar compounds are formed by the aldoses and ketoses, 
thus : — 

CHjOir3(CHOH)-COH }- HCN = CH,OH-4(CHOH)-CN 
Araliiin^se. Hydrocyanic acid. Araldnoge cyanhydrin. 

When the cyaidiydrins are acted upon by a mineral acid, the 
(JN group resolves itself into the C(.) 01 I group, ammonia beiim 
formed simultaneously, thus : — 

CH20H-4(CH0H)-CN I HCl l-2(IHO)-^CH,.Oir4(CH()H) COOH + NH4Cl 

AraldnoHc cyanhydrin. Mannonic acid. 

This is an exc(;edingly interesting reaction, since it (*nablcs 
us to pass from a lower to a higher compound. In the install^' 
just given W(; p.ass from :iral)inose to manno.se. 

Acetic Acid Series.—When the two free bonds of an 
aldehyde derived from a parallin are .satisfied with an atom ef 
oxygen, we obtain a series of acids of which formic acid is tlw 
first member, thus ; — 

I ^0 

H-C-0 i 0 = 

I I 

H OH 

Konnaldehyde, Formic acid. 

Ordinary aldehyde similarly yields acetic acid 


CHj-COH -f 0 ^ CIVCOOH 
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The aldoses behave in a similar manner, yielding the corre- 
sponding acids of the series. Thus glucose yields gluconic acid 

CIL0H-4(CH0H)-C0H j O = CHo01f-4(CH0H) C00H 

Olufoae. Gluconic acid. 

Conversion of Acids into Aldehydes and Alcohols.— It 

will be seen that it is possible by a process of gradual oxidation to 
convert an alcohol first into an aldehyde, and then by further oxida- 
tion to convert the ahhdiyde into an acid. By operating in the 
reverse way, that is to .say, if, instead of using an oxidising, we use 
a deoxidising agent, or what is commonly called a “reducing” agent, 
we can, .so far ns tin*, acids corresponding to the aldoses "are "^('on- 
cerned, reverse the operation. Thus, if gluconic acid be acted 
upon at a low temperature by nascent hydrogen, wliich may be 
readily generated from sodium amalgamd the acid is first converted 
into the aldose in the following manner: — 


CH20H'4(CHOII)- coil + 211 = CH..OH- 4(C1]()H)-C()II + 
01uc(iiiicHcid. Glucose. 


H,0 


By contimiing the process two atoms of liydro-eii are aiUed on to 
the LOH group, and the alcohol, which contains the CII.OII 
group, then results. - ' 

Lactones. Here may be mentiom'd a peculiar tendency iios- 
sessed by certain acids, amongst which an* tho.se derivaal from 
he sugar.s, of losing a molecule of water and becoming converted 
into a lactone when evaporatc'd to a stiv.ng afpieous .solution. Thus 
g ucrmic acid, CiU)]l-4(GI101I)-CO()Ii; becomes gluconic lactone, 
CtU)H'CJlOIPCiP2(CII()H)'CO. 

I 1 These liodies liave a neutral re- 

action. 

Acid.— The aeries of acids to whirl, this suhstanee, 
■illicl f'-'>'iii''idation.s hcloiigs is closely 

Gics I * ■*' ''1“^“; When, in the third mendier of that 

rtlm nTn K m, one of the, hydrogen aton.s 

CHoOH , ^ 

CHaOH 4O = COOH + 2 Ho() 

. tllycul. (Cxalio m ul. WftUr. 

«)e*forn?nf 1 occurring in malt, and is often seen in 

l>' dral crvstnl*' which forms very cJiaracteristic octa- 

inicro.scoj^ specimens of yeast when examined under tlu* 

surface wfth mercury in a porcelain di.sh, covering 

(>n pieces about the paraffin melted, and plunging into the inerciuy 

sodium. . 


n ui-ra f '-•“V-VI, J^uuiiyiiiy iutu wuu luercur^ 

e 01 a pea, one at a time) about 5 grammes of metallic 
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Calcium oxalate, to<,^ether with a small amount of organic 
matter, frequently deposits on the sides and on the attemperating 
coils of the fermentation vessels. 

Succinic Acid. — This acid, which is a constant product of the 
alcoholic fermentation, is derived from the third member of the 
glycol series: butylene glycol, CHoOM-CHo-ClT/ClIyOH, which, 
when oxidised, yields succinic acid, Ct )()ITCll./Cll2*CO()H. 

Salts of Org*anic Acids. — All the organic acids share with 
the miiK'ral acids the property of combining with bases to form salts. 
Thus when sodium hydroxide and acetic acid are brought together, 
the following reaction ensues : — 

Clla-COOH i- XallO = ClLrCOOXa + H,0 

Aci tic uoiil. SoiUuni hydroxulL*. Sodium acetate. Water. 

In other words, the hydrogen of the COOII (carboxyl) group can 
be replaced l»y a metal. 

Bibasic Acids. — Acid.s, such as oxalic and .succinic, whidi 
possess two CtJOH groups, are aide to combine with two atoms 
of a univalent or with one atom of a l:)ivalent ])aso. Thms wt* 

have COONa‘CO( )Xa, .sodiiun oxalate ; and ^Ca, calcium 

COO^ 

oxalate. They also form acid salts in which the hydrogem of one 
of the COGH groups only is replaced by a base, as in acid oxalali* 
(jf potassium, (J( )Ulv. 

Compound Ethers ‘ or Esters. — These bodies are anah)gou.s 
in constitution to tin; .'^alts just mentioned. In their formation 
the alcohols behave in the same manner as the metallic hydroxides. 
Ethylic alcolud may he regarded as the hydroxide of ethyl, 
eaimtic so<hi is the hydroxide of sodium, 
Na(GH), and l)oth can be madi; to combine with an acid in n 
.similar manner, thus : — 


Cl 1 ;,' coon 

+ C.Hs^OII) r:: 

CH;,- COOCCdh) 

+ HaO 

Acetic 

Alcohol. 

Ethyl acetate. 

Water. 

CH:,' COOII 

m K(Oll) = 

CH.-COOK 

+ H,0 

Acetic aciil. 

rotaHsiuin hytlroxMe. 

rotassiuin acetate. 

Water. 


The reaction does not take place nearly .so readily as with a metallic 
ba.se, coii.sequently the proces-s which has to bo adopted to cause 
such a combination is much more complicated. 

^ The esters or compound ethers must not bo confounded with the ordiu-'>^'y 
ethers. These bear tho same relation to the metallic oxides as the alcohols 
do to the hydroxides. Thus ordinary ethylic ether has the constitution 

just as sodium oxide is In order to avoid confusion between 

the two iwdies the compound etliers are now often called esters. 
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Many of the esters are extremely fragrant bodies, and on their 
presence depends tlie flavour of many fruits, the bouquet of wines, 
mid to some extent the flavour of beer. Vinegar chiefly derives 
its fragrant odour from tlio presence of a small amount of ethylic 
acetate. The pear flavour of tlie confectioner is amylic acetate j 
pine apple flavour is ethylic butyrate. 

When an ester is lioiled with an alcoliolic solution of a metal- 
lic li}^ dioxide, such as caustic soda, the following decomposition 
ensues : — 

CHa'COOiCoHs) -f Na(HO) = CH;,-COONa + CJl:,(OH) 

Ethyl acetate. Sodium hydroxide. Sodium acetate. Alcolud. 

Tin’s reaction is used for the quantitative determination of the 
esters, since it is comparatively easy to ascert;iin the amount of 
alkali neutralised liy the acid lilierated in the decomposition. 

The Amides.— Another univalent group. Nil., (amidogen) 
often replaces a hydrogen atom, or the hydroxyl grouih in 
organic compounds, and the body so formed is called an “amide.'' 
\Vhen the body so acted upon is an organic acid, the compound 
tlius formed may be an amido-acid, or an acid amide, accordiim 
as the position of tlie NH., group dillers. As an example of the 

II 

former may be cited amido-acetic acid, ii-c _ COOH, in which one 


IN ll.> 

anikWeio"*^”"'* tlie CU^ groiii) of acetic acid is replaced by 

"V''" ''ylroxyl group of tlie COfOH) 

Cn ii'iii'lc is formed. Acetamide, 

*^",1 C()(.b IS s„ci, 

Tlin This is the acid amide of amido-siiccinic acid. 

formiilm^-2.!^!.^^ bodies are shown in the following 


COOH 

1 

COOH 

COOH 

CHs 

1 

1 

CII(NHo) 

! 

CHlNHj) 

CHo 

1 

1 

CHa 

1 

CHo 

CO{OH) 
f>ncclnlc acid. 

1 

CO{OH) 

Amido-succinic acid. 

C0(NH2) 

Asparagine. 


can destitute of acid ta.ste, do no^ redden litmus, and 

inena stronclv nninf f presence of ammonia. These pheno- 

point to the fact that the COOH group of the acid no longer 

such. Consequently, it is considered that the formula ^ | | ^ 

'vhich nitrogen 1. • • , 0 = C-0 

accurately “ quinquivalent, expresses their constitution more 

* If h 

®'er, the formula, as suggested in the preceding note, is the 
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Aspara^^ano was first discovered in asparagus, hence its name ; it is 
found in most germinating plants. It forms large white transparent 
crystals, and is a highly (liffusible substance. Young seeillings 
of the Lupinus luteus, when grown in the dark to a length of four 
or five inches, contain one fifth of their dry weight of asparagine. 
This is to us an interesting substance, since it is found in malt 
rootlets, and can serve as a nitrogenous food for yeast. On bciii^ 
fermented with yeast in the presence of albuminoids, it is converteil 
into ammonium succinate. 

Glutamine.— Another amide found in plants is closely allied to 
asparagine, from which it diflers by having a hydrogen atom re- 
placed Viy hydroxyl, thus : 

C(X)H 

CH{NH.,) 

CH(()H) 

CO(xNII,) 


It is the aci<l amide of glut:imic acid. 

Phenylhydrazine.— This sulcstance, Avhic.h Ims played such 
an important part in recent times in tin; elucidation of the con- 
stitution of the menib(‘rs of the sugar grou]>, and wliich 
proved itself of inestimable service- in the identification of tin' 
various sugars, is a derivative of benzene The compo.-^i 

tion of benzene will strike the reader as being .somewhat extra- 
ordinary, especially when he is told that it behaves, under iiio>t 
circumstance.s, like a fully saturate<l body; indeed, it is dithcult 
to conceive how such a liody can be Iniilt up with carbon which 
has four bomls of allinity. The theory first propo.sed by Kekulc 
to explain this apparent anomaly assumes that benzene has the 
following constitution : — 


H 

H 




/ Nr-/ 


in which it will be .seen that those bonds of the carbon atenu^ 
which are not attache<l to hydrogen are attached to one another. 


more correct one, then probably ainido-HUCcinic acid has tho constitution 

COOH COtNHa) 

I I 

H — C— H, and asparagine H ~ C— H 

I I 

H-C-NH, H- NH.1 

II 

0 = C— 0 


U = C-0 
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Several other slightly differing hypotheses have also been pro- 
pounded to explain the constitution of this compound. When 
the carbon atoms are arranged in a compound in this way, they 
arc said to form a “closed chain.” 

If one of the hydrogen atoms in benzime be replaced by the 
univalent group — Nil — XI[._, (which is hydrazine, IIoN — NIR, 
minus an atom of hydrogen), the compound idienylliydrazine, 
C,U — NH— Nil,,, is obtained. 

HydraZOneS. — When one mohamle of phenylhydrazine com- 
bines with one molecule of an aldehyde, ketone, aldose, or ketose, 
a body termed a “ phenylhy<lrazone,” or, more shortly, a “hydra- 
zone,” results, thus : — 


CHa-CHiO -e II,, : N— HN— C,;!!.-? = CH3-CIIN— HN— CV.H,, + H ,0 
Aldehyde'. Phenylhydrazine. Aldehyde-hydrazone. Water. 


(CH3)2-CiO + Ho N- -IIN-C«H5 = (CH^WCN-IIN-ChH^ d- HoO 

Acetone. f Phenylliydrazine. Acetone hydrazone. Water. 


Similarly, an aldose yields an aldose-hydrazone, and a ketose 
a kotose-hydrazone : — 


CILOH— 4(CH()H)-CH0 4 - H.,N— HN-C.iH-. - 

(Jlucose, I’henylhydrazine. 

CH.OII— 4(CIi()H)~CIIX— IIX-C,iIb + IIoO 

Olueose-hydrazone. Water. 

CHoOH- 3 (CHOH)-C() 4 - 

I 

ClhOH 

Fructose. Phenylhydrazine. 

CHoOH— 3(CH01[)— CN-HN-Call', l- H.O 

I 

Cl I, OH 

Fnicn)sc hydrazone. n uter. 

The hydrazones are for the most part cohmrless compounds, 
generally soluble in water, and are only occasionally of use in 
ermining the nature of a sugar. Under the influence of strong 
hydrochloric acid, the hydrazones split up into phenylhydrazine 
vw nch combines with the acid) and the original body from which 
they were derived. 

1 — When an aldose or ketose in aqueous solution is 

tea ed for several hours on the water-bath with phenylhydrazino 
ate, m the proportions of one molecule of the former to three 
0 ecules of the latter, a somewhat complicated reaction ensues, 
SUP ^vhich is the combination of one molecule of the 

lino niolecules of phenylhydrazine, a molecule of ani- 

ancl another of ammonia being simultaneously formed. The 
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reaction between this reagent and an aldose is illustrated in the 
following equation : ^ — 


CHoOH CH.,()H 

3{CHbH) 3(CHb]t) 


(a)CHH io + IL N— HN— CiHj 


0 -f H.J 


x__hn-c,h.-. 


(ilucoso. 


CN-IIN-CoH, + H.2 + lEO 
CHN— IIN-ChHs + H,0 

(ilucosazone. 


The two hydrogen atoms which are liberated from the CHOII 
group immediately adjoining the CGH group (marked (</)) com- 
bine with the third molecule of phenylhydrazine to form aniline 
and ammonia, thus : — 

H.N-IIN— C.Hs -f 2H --- 1I,N -C,U:, i NH;, 
1‘hejiylhydrazine. Aniline. Aimnonia 

A somewhat analogous reaction ensues wlien a ketose is simi- 
larly treated ; the tirst mohMiule (d' phenylhydraziiie combines with 
the Co group, the second mol(‘cule then combiiu's with the lowest 
group, from which two atoms of hydrogen are liluu’ated, 
and these reacting on th<‘ third molecule of the reagent, as in the 
previous case form anilim; and ammonia. The following equation 
illustrates the reaction : - • 

CH.OH 
3(CH0H) 

(a)Cio -f H,i N-HN-CJI, = CN- UN- ( Als + H,0 

CHnll ;0 + Ha N-IIN~C,iH5 CUN UN -CVlIs + 2 H f H^O 

Fruct-'se. I’lienylhytirazine. (JlncoRazone. 

It may be observed that whether we start with the aldose 
gluc<»se or the ketose fructose, the same body, glucosazone, is 
obtained. This is a proof of tlie intimate redation between the 
aldose and keto.se, of whi<-h we shall have to sj)eak further on; 
and it further shows th.'it the opposite rotatory properties of the.se 
two related bodie.s is dejKuident on the asymmetric carbon atom 
marked (a) in each of tin* formula!, sinci! this is the only asym- 
metric atom which .suffers change in the foregoing reactions. 

The osazones are mostly crysUilliiu! bodie.s sparingly soluble 
in water, which differ from one another in solubility, melting- 
};oint, and optical behaviour, a?id on account of the.se properties 
they have proved of the utmost value! in the id(*ntification of 
sugars. Along with the hydrazone.s they have been found parti- 
cularly valuable in the discovery of n(!W sugars, .several of which 
have been already found by their aid. 

* For the sake of simplicity the acetic aclii is left out of the formulcB. 


CIl.OH 

3(CH()H) 
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Osones.— an osazoiie is heated with strong hydrochloric 
acid tlie phony Ihydrazine residues coinhine witli tlie acid, and a 
hoily of the following composition, Clf./)n*3(CHOII)‘CO-COH, 
called an “osone,” is left. When an osene is subjected to the 
action of nascent hydrogen, evolved from linely divided zinc^and 
acetic acid, two atoms of hydrogen become attached to the COlI 
group. Thus when glucosone, Oil J )ll*3(CllOIl)‘C() COH, is 
treated in this way, fructose is ohtain(;d. 

This reaction is extrcmiely interesting, for by it we are able 
to transform an aldose into its corresponding ketose. This, if 
o}itically active, always polarises in tin* opposite direction to that 
of tlio aldose from which it was derivu'd.^ 

Tln^ revi'i'so process, the conversion of :i ket»»s(! into its corre- 
spoinliug aldose, can ;dso l,)e (‘ilected in the following manner, k iiic- 
tose (la-vulose), on Ix'ing treated with so<lium amalgam, is ])artially 
converted into mannitol, just as mannose is when sul)]ected to the 
same treatment ; and mannitol, on treatment with dilute', nitric acid, 
yields mannose. Conseipiontly we have hi'ie a im'tliod of passing 
from the ketose sugar fructose (hcvulose) to the aldose mannose. 

Optical Stereoisomerides.- Wh. n two bodies have the 
same structural formula, and are ])0ssess('d of similar properties, 
except that of their action on jmlariseil light, and other })hysi- 
cal diHerences, tlu'y are called “optical stcna'oisonu'rides.’ The 
l)eculiar action of bodies optically active to polarised light is 
explained l»y a theory (‘iiunciah'd by l.c hel and \ an’t llofl, who 
consider this action to depend on the presence of oiu^ or more 
asymmetric carbon atoms in such compounds, i\nd all experience 
so far confirms the validity of this theory. 

Asymmetric Carbon Atoms. — A carbon atom is called “asym- 
metric” when its four bonds are linke«l to four ditleia'iit elements 
or four diirercnt groups. Tims, taking the four bodies — 


H 

1 

II-C-H 

I 

II 

Uetlmne. 


H CII 3 

1 I 

H-C-II H-C-II 


on 

Mctliylic alcoh*>l. 


Oil 

Ethylic alciilu'l. 


CH3 

j 

i{_c-coon 

OH 

Lactic acid. 


the lirst three of these hoilies possess no optieal activity, l)ecause 
two or more bonds of the carbon atom are linked to the same 
element. ]hit when, as in tlio last body, lactic acid, they are all 
^btlen'.nt, then the body is Ojdically ac'tive. 

Cause of the Opposite Opticities of Stereoisomerides. — One 
ef the simplest explanations of this phenomenon is aflorded by the 
two lactic acids, one of which polarises to the right, the other to 

. ^ Another interesting method of converting an aldose into its correspond* 

mg ketose is by reducing its osazone with zinc dust and glacial acetic 
ftc'd. Taking glucosazone, for example, the following body is produced : 
J^iiaOH'3{CIIOH) CO-CHnNHo, and this, on treatment with nitrous aci<l in 
the cold, yields fructose. 
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the left. The various groups may he arranged al)out tlie car})oii 
atom ill two distiiiet ways, thus 

H H 

1 I 

CH,-C-C(K)H coon— C~CH, 

1 I 

OH OH 

If tliese formula! he written on slips of thin pa[)er and superiiii- 
posed, it will lx? found that, in whatever way they are turned about, 
the grou|>s can never he made to coincide. The secauid of tlies(^ fnr- 
muhe has exactly the same configuration as that of tin' reflection of 
the first in a mirror. Ihit tlie arrangeiinuit of tlie atoms and mole- 
cules which causes stiu’eoisomerisni cannot always he r(“i)res(mte(l 
in such a simple manner as in the foregoing example, nor itortraye'i 
on a flat surface like a sheet of {»ap(*r. If, for instance, the Ijonds of 
atlinity of the carbon atom were all in the saimi plane, then such 
Cl Cl 

i I 

bodies as H— C— H and II -C-- Cl ouglit to he difl’erent, hut tliev 

1 I 

Cl H 

are not. To explain this and similar phenomena, it is assuuioil 
that the bonds (»f the o.irhon atom are arranged aiound it at 
four e([uidistant })oint<. Tims, for the ]>ui'pos(^ of illustiatioii, vc 
may rejiresent the carbon atom as a round hall on the surface of which 
four points are. markod out at o(jual distances from one anotlx r. 
These will ropresent tluj four centnes of attraction. If at each ef 
th('Sf‘ four [)oints holes are hored into the hall in a direction towaids 
its centre and pegs inserted into them, the.se proji'ctions will roughly 
re[)resent the position of the bonds of the carhon atom. ( Ihvioiisly 
all the points marked on the surface of the s|)here are (apiidistaiit 
from its centn; and from another: hence th(‘y are (jf (Mpiid value, 
The first figure on the oj>j»osite page illustrates this. 

This and .sevmal of tlie following diagrams arii (“onstructed .so 
a.s to lepre.sent what may lx; terim'd a right :uid hdt (iyo view of 
the objects. If, in l<x)king at them, the, e,v(!.M an^ slightly convergcil, 
or if, in other words, they are viewed with a .slight scpiint, the two 
pictures will become visually .su[x*rimpo.sed, ami upon continuing 
to gaze at them for a fe.w .seconds a .stereoscopic eflect i.s produced, 
and the diagram stands out in hold relief. Should any ditliculty 
he found in obtaining tliis slight divergence of the eyes, the point 
of the index fingoj’ may he placed midway hetwiaju the two dia- 
grams, and, whilst the attention is kejit steadily fixed on it, gradir 
ally moved towanls the eye.s. As tlie finger moves, the diagrams 
appear to a[)proach eacli other, until at last they coincide. Tlio 
finger is then moved out of sight, and the attention coneentrated 
on the figure, when it shortly stands out in relief, and it is then 
po.s.sihle to aiipreciate tlie correct position in space of the bonds 
and their attached molecules or group.s. 
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The next series of diagrams represents in a similar manner the 
stereoisometrical construction of the two lactic acids, the attached 
groups being represented for the sake of simplicity by cylindroid 
halls. In the last diagram the atoms entering into the construc- 
tion of the various grou])S are shown. 

Bodies like lactic acid, which contain one asymmetric carbon 
atom, have three modifications — dextro, loevo, and inactive. The 
last moditication is obtained by dissolving equal quantities of the 
ri'dit and left bodies, and evaporating the solution. Combination 
between the two activ(i bodies ensues, the result being the forma- 
tion of the inactive one. The right and left moditications exhibit, 
with the exception of slight difrerences in their crystalline form, 
the same physical jiroperties, such as the same melting-point, 
solubility, tK-'c. The inactive form, or “racemic modification,” as it 
is ternieil, often, on the contrary, exhibits considerable diflercnces 
ill its physical properties ; it can be separated into its active com- 
ponents by a[)propriate treatment. 

Substances, the Molecule of which contains two or more 
Asymmetric Carbon Atoms. — As the number of the asymmetric 
carbon atoms in the molecule of a sulistauce increa.ses, so does the 
number of the stercoisomeric moditications in which it is capable 
of existing, hut the latter increase at a much higher rate than the 
former. Thus four l)odies having tlui structural formula of tar- 
taric acid are known, the d(‘Xtro-, hevo-, inactive tartaric acids 
and racemic a<‘.id, all of which contain tw'o asymmetric carbon 
atoms. Tin; following formula' show tlu^ arrangement of the 
dextro- and Imvo-acids : — 

coon COOH 

1 I 

n__c-OH + ()h..c-h 


OH-C—II -t- II-C-OH - 

1 1 

COOH COOH 

In the former both atoms an* positive, namely, rotate to the right ; 
in the latter both are negative. The. third modification, inactive 
or meso-tartaric acid, has the following arrangement : — 

COOH 


H—C-OII 1 


II-O-OH - 

1 

COOH 

One atom is positive and the otlier negative ; consequently they 
iioutraliso or compensate one another, and the result is an inactive 
)ody. ^^Tho compensation in such oases as this is said to be “in- 
ternal. ’ The fourth moditication, racemic acid, is a natural pro- 
1 net, but may bo prepared artificially by dissolving eiiual quantities 
0 the dextro- and lievo-tartaric acids, and evaporating the solution. 
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As the two asymmetric atoms of the one acid counterbalance those 
of the other, tlie compensation in this case is said to be “external.” 
Racemic acid was the first body in which this peculiar pheno- 
menon was observed, hence this form is often called the racemic 
modification. Substances which exist in this modification can 
often be separated into their optically active components. It 
is a curious fact that the vast majority of the optically active 
substances which the chemist is able to form synthetically are 
obtained in the racemic modification. 

The following Table, taken from Tollen’s Handbucli der Kohle- 
hydmien^^ shows the [)Ossible number of the optical stereo- 
isomerides of the hex-nldo.scs, whicli contain four a.symmetric 
H OH 

carbon atoms. C denotes a plus ( -e ) atom, C a negative ( - ) 
OH H 

one. Of the.se sixteen j)o.ssil)le members, R-glucose is the ordinary 


glucose ; eleven others have been synthesis(‘ii by K. Fi.scher, niul 


four are still unknown : 



- j -- 



I. CH..OH 

H 

C 

H 

C 

OH 

C 

11 

(.' 

COH 

K-Glucose (Grape- 
sugar). 


OH 

OH 

H 

OH 



OH 

OH 

H 

OH 



2. CH./)H 

C 

C 

C 

c: 

COH 

L-Glucosc. 


H 

H 

OH 

H 




H 

H 

OH 

OH 



3. CH,OH 

C 

C 

C 

C 

COH 

R-Mannose. 

OH 

OH 

H 

H 




OH 

OH 

H 

H 



4. CH2OH 

C 

C 

C 

V. 

COH 

L-Mannosc. 


H 

H 

OH 

OH 




OH 

H 

OH 

OH 



5. CH,OH 

C 

C 

C 

C 

COH 

R-Gulose. 


H 

OH 

H 

H 




H 

OH 

H 

H 



6. CHoOH 

C 

C 

C 

C 

COH 

L-Gulose. 


OH 

H 

OH 

OH 




H 

OH 

OH 

H 



7. CHoOH 

C 

C 

C 


COH 

ll-Galactose. 

OH 

H 

H 

OH 




OH 

II 

H 

OH 



8. CHoOH 

C 

C 

C 

C 

COH 

L-Galactose. 


H 

OH 

OH 

H 




H 

OH 

OH 

OH 



9. CH,OH 

C 

C 

C 

C 

COH 

R-Talose. 


OH 

H 

H 

H 




OH 

H 

H 

H 



10. CH 2 OH 

C 

C 

C 

C 

COH 

L-Talose. 

H 

OH 

OH 

OH 




OH 

H 

OH 

H 



If. CH 2 OH 

C 

C 

C 

C 

COH 

R-Idose. 

H 

OH 

H 

OH 
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CONSTITUTION 

OF THE SUGAR GROUP. 


11 

OH 

11 

Oil 



12. CH.2OH 

C 

C 

G 

C 

COH 

L-Idose. 

OH 

H 

OH 

H 




H 

H 

H 

OH 



13. CHoOH 

C 

C 

C 

C 

COH 

Unknown. 

OH 

OH 

OH 

11 




OH 

OH 

OH 

II 



14. CHoOH 

C 

0 

C 

C 

COH 

Unknown. 

H 

H 

H 

OH 




H 

H 

H 

H 



15. CHoOH 

C 

C 

C 

C 

COH 

Unknown. 

OH 

OH 

OH 

OH 




OH 

OH 

OH 

OH 



16. CH2OII 

C 

C 

C 

C 

COH 

Unknown. 


H 

H 

H 

H 




The nurnlxir of stereoisomeric forms in which a compound is 
capable of existing is found by the formula 2’\ n representing the 
luuuber of asymmetric atoms contained in the molecule. Thus 
with l)odies having the structural formula of glucose, which con- 
tains four asymmetric atoms, n ^ 4, consequently 2 when raised to 
its fourth power gives 2x2x2x2-16, the possible number of 
these stereoisomerides. Similarly, the other aldoses have the fol- 
lowing numbers ; — 


Trioses, tetroses, pentoses, hexoses, heptoses, octoses, nonoses, Ac. 


128 


2 4 8 16 32 64 

Constitution of the Sugar Group.— This was for many 
years a puzzle to chemists, and the views put forward were matters 
of almost pure conjecture, until Killiani in 1885 ^ furnished evi- 
dence to show' that hovulose (fructose) was a kctouic body w-hich 
had the following constitution: (111.2011' 3(CH()1I)‘ CO‘ClI.,Oir. 
Killiani obtained by treating lan’uloso with hydrocyanic acid (ifCK) 

Its cynTdiydnn, * (page 34). This 

body, when hydrolysed wdtli strong hydrochloric acid, yielded the 

-1 CHnOH-3{CH()U)-COH-CII,OH. 
lollowing acid: COOH treating this 

acid with hydriodic acid the folloAving body w'as produced : 

Wl3-3(CH,VCH CII, , . . . n 11 . 1 r • 1 nu • • 

COOH metliyl-butyl acetic acni. iliis in- 

dicates that the CO group is situated in the place indicated by 
the above formula for hevulose, for the added COOII group must 
undoubtedly attach itself to the CO group. Had it become 
iittachcd to any other of the groups, an entirely different acid 
would have resulted. 

Turning his attention to glucose, ho concluded that the coii- 
‘:"tution of this l)ody was as follows: CH201I*4(CH0H)- COll ; 
on treating this sugar in an exactly similar manner to that 
which ho had treated Inevuloso (fructose), the following acid 
^ Bcrichte, xviii. 3066. 
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was finally obtained : ClI,- 5(C1I,)- COOII, which is normal hoi,- 
tyhcacid ; and this distinctly shows that the COH ^rroup, to which 
the COOH group had attached itself, is at the end of the chain. 

The most remarkable work, liowever, on the (amstitution of 
the sugar group is that of Emil Fischer, to be found in volumes 
xviii. to xxni. of the Jierirhfe of the German Chemical Society 
of which the following is a short resume 

Fischer found that the liexahydric alcohol mannitol, CHoOlI- 
4(CH()H)€fC()H, on treatment with dilute nitric acid, yielded 
tlie aldose C 11 /.)H- 4 (C 1 I( ) 1 I) C0H, mannose, Avhich in many 
res|)ects resembFs gluc«..se. It ferments in contact with be.‘r 
ye.ist, ieduc(\s lehlings solution, and rotates the polarised ray le 
the right, but not so jiowcrfiilly as glucose. When acted on' ]»v 
iir(unine it is further oxiilised to nianiionic acid, Cil.,( )H-4(C1I( )H)- 
CtfOH. Y hen a solution of this latter acid is eyaporated to a 
syrup, a molecule of water is disengag(Ml, and mannonic acid hictone, 


CIIoOH'CHOH-C]l-2(rHOIIrCO . 


is formed. 


Some years l>efore, this Killiaiii had (.btaim>(l hy ])oiling certain 
gums with dilut<- sulpliuric aci<l tin; {umtose, su'mr arabinose 
CIC<)H-3(( IK )H)-COir. On tivating tliis witli hydrocyanic acid 
Its cyanliy.lnn was obtained, and thi.s, on hydroly.sis, yielded ;iii 
acid isomeric with tin* nianiionic acid mentioned above. Fischer 
on ('vajiorating the acid ol,taine.l from araldnose to a synip, 
<d)tained a lactone similar in ev.^rv otln*!* re.spect to that cf 
mannonic acid, with the single exception tliat it was la3vo-rotatory 
Its opticity being [u], -54.8, whilst the lactone of maiinoiik 
aci. was dextrorotatniT, and had an opticity of [«]„ + 53.81. 
Making allowance for c.vperimental error, it may bo considcrcl 
that the.se two bodies pos.ses.s c(jual and opposite opticiiies, tint 
the) are, in fact, what i.s known as stereoisomerides, and thus was 
the first instance in which .such a relation had b(*en observed 
among.st the im*inbcrs of the sugar grou]). Wh(‘n an eapial wc*iglit 
the ilextro-rotatory lactcuie and an eipud weight of the k'cve- 
rotatory one were dis.solved in water, combination ensued and an 
inactive lactone resulted, which <*ould only be resolved into it> 
optically oppo.sed com[)onents by spe<dal treatment. 

Mannose Group. Ibis includes the following bodies, whicli 
were all that had been produced up to that time. 


Moiniters. 


j Lactone 
I Acid . 
j Aldose 
I Alcohol 
! Ketose 


R. Series, i I, .Series, 


Mannonic acid lactone 4- 

Mannonic acid . . f 

Manno.se ... 4. 

Mannitol . . . 

Lievnlo.so (Fructose) . 



KESOLUTION OF THE SERIES. 
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Here tlieii arose a difiiculty witli the names of tlie ketoses, for one 
of them polarised to the right, another to the left, and tlie other 
was inactive. To avoid this difficulty Fischer proposed the name 
‘‘fructose" for this class of sugars. Also, to signify the series to 
which any set of members hclongmd, lie suggested api)ending the 
letters K. I. L-, for right, inactive, and left, according to the 
direction in which the aldose member of the series polarised. 
Ordinary hevulose would tlien be dtcscribed as “K. fructose,” for 
tliongh it polarises strongly to tlie left, the aldose of the series to 
which it belongs iiohirises to the right. 

We have seen that by tr(.‘atment with a reducing agent (p. 41) 
it is possible to ])ass down the series jind (d>tain in turn any member 
as far as mannitol — that is, it is po.ssible to olitain the ketose from 
the aldose group through the osazone and osone (p. 41) ; that by 
using oxidising agents it is also possible to jirocecMl in the op|)Osite 
direction, and olitain any iuciiiIkm' of the series from mannitol up- 
wards. Conseipiently, if it were jio.'^sible to obtain any one member 
of either the K., I., or L. .series, all tin' memliers ludonging to that 
particular series could be ]U’oduc(Ml from it; and if any memlier of 
the inactive .series could lx* separated into its optically opposed 
coiiipoiieiits, we should then lx; in a position to obtain any member 
whatever of tin; three serie.s. Tliis has been found po.ssible. 

Resolution of the I into the R. and L. Series.— This was 
ellech'd by Jidding strychnine^ to a solution of J. mannonic acid, 
and thus forming 1 . .strychnine mannonate. This salt wlimi boiled 
ill alcohol is resolved into the .salts of the H. and L. acids; that of 
the L. strychnine mannonate, being difficultly .«^oluble in alcohol, 
lalls out of solution. I'his .salt, after the removal of the strychnine 
from it, yields pure T^. mannonic acid, from which all the member.s 
of the L. series can be formed. The whole of the L. strychnine 
mannonate is not, however, })reci[»itated from the alcoholic, .solu- 
bon, and to obtain the K. salt in a pun; condition, the strychnine 
IS lirst removed from tin; solution of the mixe<l acids and morjdiine 
added. From this .solution, on long-standing, crystals of pure R. 
inorphine mannonate .separate. Aftm- removing the morphine from 
t lese, pure R. mannonic acid is left, from which all the members 
ot the R. .series can bo formed. 

Glucose. — As ob.servod Ixafore, this sugar very much resembles 
manno.se. It posse.s.^^es the same structural formula, forms with 
p mnylhydrazine the same osazone, which in turn yields the same 
osone and ketose (fructose or Ijuvulose). Upon reduction, however, 

I sodium amalgam, gluco.se does not yield the same alcohol 
!ri isomeric one ; manno.se yields mannitol, 

ft u cose yields sorbitol. Their opticities also differ, that of glucose 
oing much higher than that of mannose ; their hydrazones also 

the ^ poisonou-s nlkaloid found in the beana and other parts of 

the vomica. Morphine is similarly an alkaloid prepared from 

of the white poppy (/^apai*er«/6«,). ^ ^ ^ 
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ditier; glueo-liydrazoiie is freely soluble in water, manno-hydrnzojie 
is comparatively insoluble. Moreover, gluconic acid forms with 
calcium a distinct salt, ditiering in form from the corros[)ondiiig 
calcium mannonate. All these facts point to mannose and ghico.se 
being stereoisomeridi's. Fi.sclier considers that the ditference in the 
opticities of mannose and gluco.se is due to the arrangement of tlu; 
groups contiguous to the asymmetric CHOU gnnip, which adjoins 
the con grou[) in these two sugars. After various futile atteinjits 
to convert nianno.se into gluco.se, this was at last ell'ected by heatiiif^' 
K. mannonic acid with (piinolimO to 140“ C., wlien a part of tin* 
mannonic acid was cmi verted into gluconic acid. After the removal 
of the (piinoline the mixed achls wen^ converted into their respec- 
tive lirucine- salts. The brucine mannonate, being insoliihlc, 
was precipitated, and the brucine gluconate remaineil in solution, 
from which, after removing the brucim!, gluconic acid was left. 
This, on reduction by .soilium amalgam, yielded glucose in all iv 
spects identical with the ordinary sugar. 1>. or 1. mannonic acid, 
by similar treatment, yields L. or I. glucose. 

Synthetic Sugars. — It has been shown that from any one of 
the members of the mannitol series the whole of the other memhois 
can be fornieil ; hence, if we could build u{) any single member of 
a series from the elmnent.s, it would be po.ssible to [iroduce llic 
whole of the series from it. 

So long since as 1861, Hutlerovv observiMl that an aipiodiis 
solution of formaldehyde, under the inlluence of certain bases, 
yielded by condensation a sugar-like liody to which lu*. gave the 
name “ niethylenitan.” Lbw, using as the base lead oxide, foriiiod 
the .same or a similar substance, and called it “formose.” Fisdicr 
obtained, by acting on aernim’n bromide with barium hydrate,’’ and 
afterwartls from glycerose, HI'ClIOlbCOH, ji sugar-like body 
which ho named “a-acros(^” lie repeated r.iiw’s proci'ss, and 
found formose. to be a mixture of various aldehyde and keloiit' 
.sugars, for, on treating it with exce.ss of jihenvlhydrazine acetat's 
a mixture of osjizones was formed, all of wliich wen*, with oik- 
exception, soluble in alcohol or ether. The insoluble one when 
treated with iiydrochloric acid yielded an osom*, which, on reducti' n 
with zinc and acetic aciil, yiehh'd o,-acro.se. This body (formed 
ill either of the three ways) atlbnleil, on reduction with sodimn 
amalgam, a liody to which he gave the name of “a-acri- 
tol,” and this re.sembled mannitol in all other properties but 
that of opticity, it was optically inactive. It struck him thnt 
rt-acritol might be I. mannitol, and rt-acroso 1 . fructose ; and 

* Quinoline, CblbN, in a luoliile Ktrongly-rcfracting li^piid, first obtaitiol 
by distilling cinchonine, an alkaloid containiMl in Peruvian liark, with caiiiLic 
potash. It i.s now obtained synthetically by heiiting together aniline, glyci mh 
nitro-benzene, and sulphuric acitl. 

2 Brucine i.s another poi.sonou.s alkaloid, obtained from tlie Strychnoa nux 
vomica. 

* 2C3H4br20 -1 2Ba(OH)2 C„H,A I zliaBr. 
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formation of sugar in living plants. 

upon furtlicr iiivostigation, this turned out to he the case. 
Having now obtained two of the members of tlie mannitol series, 
it became possible to obtain any other member, and since methylic 
alcohol, wliich under proper treatment yields formaldehyde, can 
bo built up from the elements, it follows that tlie whole of the 
mannitol series can bo similarly synthetised. 

Formation of Sugar in Living Plants. The formation of a 
sugar from the condensation of formaldehyde is of great interest, 
since it has been assumed by several chcnnists and physiologists 
that this is really the jirocess by which sugar, which is now known 
to 1)0 the first product of assimilation in plants,^ is formed. Hy 
the agency of the chlorophyll cells of the ])lant, carbonic acid, 
HoCG,,, is supposed to lose two atoms of oxygen and become 
formaldehyde, IICOII. Six molecules of this body uniting to- 
gether could form either a molecule of glucose or fructose, and 
then, by the further loss of a molecule of waliT, become starch. 

Disaccharide Sugars, or Type.— Very interesting is 

the manner in which Fischer hasbducidiited the constitution of 
two of these sugars, lactose (milk-sugar) and maltose. .Milk-sugar 
was the lirstbody operated on, and tlie discovery of its constitution 
served to settle that of inalto.'^e. 

When milk-sugar is tn'ated with phenylhydrazine acetate, 
its osazone (lactosazone) is precipitated, ^^Knid this, when acti'd 
upon by hydrochloric acid, yields the o.sone. If this be l)oilcd 
with hydrochloric acid, inversion takes place, and a mixture of 
ecpial molecules of galactose “ and glucosono is obtained. If the 
mixture be again treated with phenylhydrazine acetate, glucosazone 
us piecipitated almost in the cold (since an osone combines much 
more readily with phenylhydrazine than an aldehyde), and after 
heating for some time, galactososazone is also })recipitated. This 
s lows that the molecule of milk-sugar is built up from a molecule 
ot ga actosc and a molecule of glucose, and that the C( )H group is 
<i-:iclied to the glucose molecule, since it is to this the phenyl- 
Jiydrnzuie first atUiches itself. The COH group of the galactose 
us evidently modified in the union of the two molecules, and this 
ariangenient may be probably expressed by the following formula: — 

CH20H'4(CH0II)-CH 

CII,0- CHOU • CHOU • cno- CHOH- COH 
Water sugar molecules in comliining lose a molecule of 

2(C«HiA) C,,H,D,i a- H,0. 

“ Morris, Journal oj' the Chemical JSocietf/, 1893, P- ^^24. 

u^U)eri(.it5 of same structural formula as gluco.se, in fact a sterco- 


D 
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^laltoso when treated in the same manner ^ives evidence of a 
similar structure, only in this case the molecules from which it i.s 
derived are both }j[lucose ones. The formula for maltose is t]ic3 
same as that shown above for milk-sugar, the two sugars being 
stereoisomerides. 

Lactobionic and Maltobionic Acids.— Another proof that tlie 
constitution of lactose and maltose as given above is correct is 
ilerived from the consideration of acids whi<’h these sugars res])ef' 
lively yield wlum treated with bromine. 

Lactose gives lactobionic acid : — 

Clf./)H-4fCII0IIV(’H 

(•ll,()ClIO]ICHOIICHO*CiI()HCO()H 

AVhen this is inverted Iw boiling with dilute hydrochloric acid, 
galactose and glu(;onic acid result : 

C,,n,/),, -! H./) - cn,0II-4{CH()II)-CX)lI l CH,()li’4(CIl()H)C:()0II 

I.actoltionic acid. Oliiconic acid. 


When malto.se is similarly ti(‘at(*d with bromine, maltobioiiii' 
acid is formed, and this, on treatment with hvalrochloric acid, 
yicilds a molecule of glucose and one of gluconic acid. 

To the di.saccharides also Ixdongs cane sugar, (.Y,1I.,._,(),|, wlii' li 
on hydrolysis is converted into (‘((ual molecules of glucose iiiil 
fructose 

C,dL/>.i + lI/> - -t- C,dI]X)„ 

(.’anc su«ar. Water. (Uiicorc. Kructoso. 


Cane sugar does not re<luce F(‘hling’s solution, nor does it form > 
compound with [)henylhydr:izine. Its constitution is not known 
with ab.solute. certainty. K. Fischer has suggested the followin,^' 
prolmble structural formula for this sugar: — 


.€11- - 
.X CIlOH 
^ (TTOH 
CH 

CHOH 

CHoOH 


^CHOH 

CHOH 

CU 

CH..OH 


Manno-beptose. — This .sugar, which has the following structiiw* 
€omjx)sition, CIYGll’ 5(CH0H)' CGII, has been obtained 
thetically by E. Fisch(;r Vty treating mannose with hydrocyanic 
acid, when its cyanliydrin is formed, which, on being hydroly'^^' > 
yields heptonic acid. The acid having been obtained, all dn 
members of the heptose 8eric.s can be formed from it. Mann‘S' 
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octose and manno-nonose have been obtained in a similar manner ; 
the former from he])toso, the latter from oetose. 

Estimation of Sugar by Fehling’s Solution,— jMost of 

the sugars, in common with other bodies of an aldehydic nature, 
exhibit (under certain circumstances) a strong alhnity for oxygen. 
Ill virtue of this property, they are able to reduce the oxides of 
many metals (such as silver, gold, platinum, mercury, and bisnmtli, 
when present in alkaline solution) to tlie metallic form. The 
metal is precipitated in most cases as a fine powder, in others in 
the form of a metallic mirror clinging to the sides of the vessel. 
AVhen an alkaline solution of a cupric salt is acted upon liy a 
reducing sugar, the action does not |>roceed so far as to withdraw 
the whole of the oxygfui from the cupric oxide ; only half of it is 
removed, the cupric oxide, 2Cu(), being converted into cuprous 
oxide, Cu.,(.). AATien a solution of grape-sugar is added to a dilute 
solution of cupric sulphate, and th(‘ mixture is made strongly 
alkaline with sodium hydrate, there separates out, at the ordinary 
temperature slowly, but on Inmling almost immediately, a yellowish 
red precipitate of (‘ujirous hydroxide, Cu.,(Il())o, which gradually 
loses its moh'cule of combim'd watiu- and passes into eu|)rous 
oxide, which has a bright red colour. This reaction was first used 
by TromuK'r as a (puilitativi* test for sugar. Jt wms shown by 
barreswdll, in 1846, that a solution containing cupric sulphate, 
potassium or .sodium tartrate, and a caustic alkali, will, if these 
liodies are mixed in [iroper proportions, remain unaltered on boil- 
ing, but that if to tbe boiling sidution a trace of a reducing sugar 
be added, then an imm('diat«* jirccipitation of cuprous oxide takes 
place, lie also j»ointed out that this reaction could b(* utilised 
d"!' th(! quantitative estimation of sugar. Some time afterwards 
iTehling devoted much attention to the subject of sugar analysi.s, and 
-‘ssentiiilly improved the .solution originally propiK^^ed by I’arreswill. 
bins, which is known as “ Fehling's .solution,” is in common use 
it the pre.sent day; it has the following composition: — Pure 
^i'ystalli.sed sul[)hate of copper, 34.639 grammes; .soilium and 
potassium tartrate (Rochelle .salt), 173 grammes; caustic soda, 
60 grammes. These .salts are di.s.solvcd .'Separately in distilleil 
"'fiter, tlieir solutions mixed, and tlie volume of the mixture made 
lip to 1000 c.c. The .solution w'as used at first volumetrically, 
lo c.c. of the Feblingd.s .solution being added to 40 c.c. of water, 
ic whole brought to the boil, and, while hoiling, a dilute solution 
i'<aitainiug between 0.5 and i.o of sugar per 100 e.c. slowdy added 
(lin ^ bhc blue colour of tlie mixture was entirely 

i^eliurged. The quantity of grape-sugar required to decolorise 
° of Fehliiig’s solution, when used in this way, is 0.05 gramme, 
I'liiscquently the amount of this sugar contained in any solution 
nil ^ found by a simple calculation. 

b Was shown by Neubauer ^ that one equivalent of grape-sugar 
I Archiv dcr Phami.y ii. 72, 278. 
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(i8o) reduced ten equivalents of cupric oxide (397); but Soxlilet, 
wlio subse([nently made an exhaustive examination of the subject, 
found tliat tliis was only true when the Fehliiig’s solution was 
used in the way speciHed above*, and that any cliange in ili(> 
dilution of tlie Eehling’s solution, or in the strength of the siigu 
solution, altered the proportions between the amount of eupiic 
oxide reduceil and the quantity of sugar as given by Neubaiur, 
The result of Soxhlet’s investigations was an improvement in the 
volumetric method of sugar estimation which leaves little to lie 


desired in the way of exaetitude. 

But Fehling’s solution can be used in an entirely ditfeavnt 
manner. In this the dilute solution of sugar is added to an excess 
of boiling Kehling’s solution, the |)recipitated cuprous oxide tilteml 
otf, washed, and weighed, either as such, or after conva'rsion ijit" 
cu|)ri(* oxide, or aft(‘r reducti<m to metallic copjxu-. The iirst uf 
th(‘se (weighing as cuprous oxidi*) has been all but al)andone(l, as 
the oxide is very liabh* to absorb oxygen during drying, and in 
crease in weight. The secoml has been much used, and wlicii 
jterformed under certain iixc.'d comlitions, such as those, laid down 
l)y O’Sullivan,^ is said to yield results of considerable accunicr 
but certain disadvantages attend this and all similar ])roeessfs 
which necessitate the <*m])loyim*nt of a lilter-paper. Ciqiroiis 
oxide comes down in a state of smdi exceedingly tine divisimi 
that it is extrc'inely dillicult to obtain a filter-pai)er wdiiiih will 
retain the preci[)itat.* conqdetely ; (M)nse<piontly, a small portion 
almost invariably pjasses tbrougb the, lilter and is lost. Filter-pnpnr 
has al.-<o a great attraction for copj)er salts, which cling so olsti- 
nately to it that they cannot be removed perb'ctly by w’ashing. ninl 
this a[)parently increases the W(‘ight of the preciidtate o])taineil. 

In order to avoid these sources of error, it was proposed 1'}' 
Soxldet to use an asbestos filter, and, in order to avoid cn’cr? 
arising from incomplete oxidation of the cuprous oxid(^, to reilii"' 
it to metallic (popper. The asbc'stos layer is placed in a tilter-t'd'' 
w’hich is so constructed as to j)ermit the ])n!cipitate to be reinlily 
re<luced in a current of hydrogen afhu'wards. 

Tables for Sugar Determinations.— As lias been stated I 
the concentration of the s<dutions used has a marked inlhu‘iii'‘‘ 
on the relation between the amount of sugar and the amoiiiiid 
cuprous oxide reduced. In order to oliviate this source of cnv>) 
it lias been proposed to always use the same (piantity of Ktddiny!'’ 


.solution (60 c.c. undiluted), and to invariably use tin; same tjuanm) 
(25 c.c.) of a .sugar solution containing not more than i percent 
of sugar, tlnm to ascertain from a table the amount of sugar wlm | 
corresponds to the quantity of copjier obtained. Such a table 
constructed by Allihn,^ showing the amount of glucose e<piivaleii 
any amount of coppier from 0.0 1 to 0.463 gramme obtained urn 


^ Jourmd of the Chemical tiocicty, 1876, ii. 1 31. 
^ FreHcniu?, Quant. Analysis^ ii, 507. 
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specified conditions. In making an estimation, 6o c.c. of nn- 
dilnted Fehling’s solution are phujod in a beaker of about 300 c.c. 
capacity, brouglit to tlio boil, 25 c.c. of the sugar solution (which 
must not contain more than i ])er cent, of sugar) added from a 
pipette, and the wboh' allowed to boil up for four minub's. The 
precipitate is collected, reduced, and weighed in the Soxhlet fdter- 
tuhe described. The quantity of glucose contained in the 25 c.c. 
of sugar solution is found by inspecting the table; for instance, if 
the reduced copper weighed 0.364 gramme, the amount of glucose 
would be 0. 1923 gramme. Meissl has givcui a similar tal)le for 
invert sugar, and \Vein anotlier for maltose.' Tluese have IjCen 
collah'd in book form by Dr. Frew.- 

Cupric Oxide Reducing Power of a Sugar. — It is a matter of 
great convenience to have a standard to which the reducing powers 
of the various sugar.^ or mixtures of several of them can be (ami- 
pared. k’or this standard O’Sullivan prot>osed to take the amount 
of cupric oxide reduced by one gramme of glucose, this being the 
sugar the reducing power of which was first (bdermiiu'd, and call 
this roo. The (quantity of cuiirio oxide redm.-ed by one gramme 
of gluco.>e (using O’Sullivan’s jiroce.ss) was found to be 2,205 
granunes ; this he called 100. Later on be suggested that the 
lettfu’ K should stand for the cuju'ic reducing p(»wer of glucose ; 
the K of glucose is therefore, too. If a gramme of another sugar 
is found to reduce only 1.345 grammes of cupric oxide, its Iv or 
cupric reducing power is found hy th(( following sum in simple 
projiortion : — 

2.205 = ^'345 • • *00 ■ X - 61. 


Uic K of such a sugar is therefore 61. Si nee in the case of the 
la'odiiets of the conversion of starch tliis |»lan is somewhat eum- 
hersoiiie, it is now more, usual to stab* these reducing powers in 
terms of maltose. Thus a .*<o]utioii of these bodies which liad 
« i'e(lu('iiig poTver threeapiarters that of maltose Avould he ex- 
pre.ss(_'d usj{75, instead of K45.75. 

. Solution Factor. — in th e eourse of investigations connected 
^vith the carholiydrates it is constantly necessary to ascertain the 
aiiujuiit of sulistance [iresent in a solution. In ordinary chemical 
pi'-K'tiee this is usually edccted hy evaporating a known quantity 
the solution to diyness and tlien weigliing the residue. Witii 
nuiiiy of the ])odio..s met with iii brewing chemistry, owing ]>artly 
0 mil* powerful attraction for moisture and partly to their liabi- 
oht' on long-(*on tinned lio.ating, it* is dillicult to 

' “'u ji correct result in tiiis way. Consequently, it has become 

not 1*^ '^iitertunate that in these methods the original Fehling’s solution i.s 
an-j author makes some slight difference in its composition, 

. s the results obbtined. 

3 / the Quantitative Estimation of the Sugara (Spon). 

'OJitd of ike Chemical Society, 1876, ii. 930. 
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customary to calculate the amount of the car])ohy(lrates i)resciit 
in a solution from its specific j<ravity. O’Sullivan ^ found that 
when 10 grammes of pure maltose or pure dextrin were dissolved 
in so much water that the solution measured exactly loo c.c. 
at a temperature of 6o“ F. (15.5° C.), the sj)ecific gravity of the 
solution (10 per cent.) was 1038.5, water being taken at 1000. 
Assuming that the strengths of such solutions were strictly pro 
portional to their specific gravities, a i ])er cent, solution wouhl have 
a s|)ecitic gravity of 1003.85, and solutions containing intermodiah' 
(piantities would have gravities expressed l)y internnicliate values. 
Conseipiently, if each p<‘r cent, of either of these bodies raised the 
specifii; gravity of a solution by 3.85, it would be a simple iiiattei 
to ascertain the amount pre.sent in solution ; it would 1)0 only 
necessary to subtract 1000 from the s})ecifi<* gravity of the .solii 
tion and divide the figure so obtaine<l by 3.85. Thus 100 c.c. of 
a solution of maltose of a specific gravity of 1055 would contain 

1055 - woo ^ 14.285 grammes of that substance. Hence, according' 
3-^5 

to O’Sullivan, tlio solution factor for maltose or dextrin is 3.85. 
In f.;ours(i of time it was found that this factor M'as not (piitf 
correct. Brown and Ilenm- came to the conclusion that 3. S3 
was too low for maltose, the correct divisor being 3.93 r4, niid 
O'Sullivan afterwards gave; the fresh divisor 3.95 for starch ((in- 
version products. It was afb'rwards found that with solutions nf 
the various carbohydrabns the spiicific gravity of the solution wiis 
not strictly proportional to the amount of substance contained in 
solution, and Brown and Heron** proj>ose(l the use of 3.86 in nil 
cases as a .solution divisor; but this is only correct for a 10 pnr 
cent, .solution of cane-.sugar, which has a specific gravity of 1038.0 
at 60“ F. Although this factor is not ab.solutcly correct for tb' 
pro(Uicts of starch (*onversion, it was considei'cd that to liave cii'' 
uniform divisor when determining the opticities and reducing' 
powers of .substances in .solution would be extremely convenient. 

In the majority of cases where bodies connected with brcwiny' 
have to be examined for cupric r(‘ducing ])ower, their anu'iinf 
is most frecpiently cleduced from tlu; specific gravity of thnu’ 
solutions by rmaans of a solution factor. (Jonse([uently, d 
usual to afiix in small characters the solution factor which bns 
been u.sed in any particular case, such as or K.-sv 

rnean.s that the amount of solid matbu’ in the first in.'^tann^ 
was estimated by the 3.86 factor, in tlie second by tin; 3-S5’ 
The absolute reducing ])ower may be readily obtained from m 
.statement of thes(! on the 3.86 factor, when the true son 
tion factor is known. Thus the reducing power of maltose 1= 

^ Jourryd of iiie Chcmicftl »S'ocicN/, 1876, pt 1 29. 

Ibid., 1879, p. 618. 

*'* Ibid., p. 602. 

Hee Appendix A. 
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= O’Sullivan assumed, the true solution factor for 

maltose is 3.9314 ; then its real reducing power is 

3.86 : 3.9314 : : 61 : 62.12. 


Elementary Composition.—In investigiiting the chemical 

composition of a carbohydrate, such, for instance, as glucose, a 
weiglied ix)rtio]i of the sul)stance is ])laced in a tube packed with 
cupric oxide, and hurnod in a current of dry oxygen. The carbon 
of the sugar is oxidised to form carbon dioxide, and its hydrogen 
to form •w.'iter. lh(*se jire collected and weighed ; the weight of 
the carbon dioxide thus formed corresponds to the weigdit of 
carbon present in tlie sugar, and that of the water to the weight 
of the hydrogum. The amount of these two constituents having 
been determined, the remainder, which is known to be oxygcii^ 
is arrived at by ditlerence. hor instance, if 300 milligrammes 
of a substance burnt in this Avay yielded 440 milligrammes of 
Ciuboii dioxide and 180 milligramm(‘s of wat(‘r, from this we should 
know that it contained i 20 milligrammes of carbon and 20 milli- 
gnimmes of hydrogen ; and as these add up to 140, the remaining 
160 milligramnu's must b(i oxygen. From these data a simple 
proportion siim giv(\s the percentage composition of the subslance; 
111 tins case it will he carbon 40 pi'r cent., hydrogen 6.67 |>er 
cent., oxyg(m 53.33 jier cent. The relative numlier of the atoms in 
the molecule is found liy dividing these ligures by the atomic 
weiglits of the res|)cctive elements, thus : — 


Carbon 
Hydrogen . 
Oxygen 


•to 
6.67 • 
53*33 


- >2 -=3.33-^3.33= I 

- * = 6.67 ^ 3.33 = 2 

• = 3*33 3*33 = I 


That is, foi each atom of carbon prest.mt tlnu'e are two atoms of 
lydrogen and one of oxygen. But the (piestion now arises: 
What IS the relative weight of the molecule? If it can be shown 
10 he 30 then the formula of the molecule is CU,0 (formalde- 
|}ae); It 60, then its formula is ( yi^O., (acetic acid) : if 90, then 
(l^wtic aci<l) ; if 180, its formula would be 

(glucose). 

„,,.ll®termlnation of Molecular Weig-ht. -The molecular 

f determined in various wavs. In the 

coninn^-’ ^ liquid, such as alcohol, it can bo found by 

wpi<!hf ^ of a given volume of its vapour with the 

ail t.i 1 -I “ "f liyilwgeti. If the substance be 

anioiniV weight can bo generally ascertained by the 

form PAi? contained in its silver salt, Slany organic bodies 

be dodn IliG metals, and their molecular weights can 

amouiits of metal they combine with, 
lu" clipm* f ^lut the method chiefly employed in brew- 

^holecular*^ determinations generally refer to the 

weights of the carbohydrates, is tlio cryoscopic or freez- 
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ing method, lirst adopted hy Raoult. It dei)onds iijion the fol- 
lowing considerations : All hodies when dissolved in a given solvent 
lower the freezing }>oint of the latter, and with the same sul)stan('(' 
this is proportional to the amount of the sul)stance present in the 
S(dution. Eor instancig if 5 grammes <if cane sugar are dissolv(Ml 
in 100 grammes of water, and tlie fre<‘zing-p()int of the resultiiii; 
solution is lowered 0.3^ C., then a solution of 10 grammes of tlie 
same sugar in a similar weiglit of water will hav(! its lreezing-])oiiit 
lowered ©.o'" C. 

Jlut if eipial weights of two suhstanees which ditler eonsider- 
al)ly in their molecular w(uglits, as, for instance, glucose, (molecular 
weight 180) and cane sugar (molecular weight 342) are dissolved 
in etpial weights of water, ('ach solution introduced into a te,>l- 
tube, and tin.' tubes placed in a freezing mixture, tlie temiieratuiv 
rei|uire<l bv the glucose solution f(»r soliililication to take ]>laii- 
will be found lower than that napiired by the cam'-sugar solution. 
II(‘nc<' in this easo (he depression of the freezing-point is not 
e(}uivalent to tin* ai-tual weights of tin* substances present in 
Solution. It has, however, been found to be delinitely related t" 
the molecular weights of these substama's.* 

If it were possible to dissolve a molecular weiglit <»f any 
.sulistance in grammes, as, for instance, iSo gramnn's of glucose in 
100 grammes (»f water, tin* fia'ezing-jtoint of such a solution would 
have a temp<*rature 10.55 C. low<*r tlian tin* frei'zing-pidnt ot 
water. As it is impossible to do this, and for other r(*asons wducli 
we cannot enter into lu*re it is only pnicticabb* to employ some- 
what dilute solutions, the only .-ivailable nn*lhod is to td)tain the 
actual molecular w<*ight by a calcidation. Tliis is (‘llectc'd in the 
follow'ing manner when water is the .s<dvent emjiloyed : — 


Molecular weight 


19 X gmi-;. of su’o.stanco dis.solvcfl in roo grins, of water 
Observe'l flejircssion of tlH^ frei zing-|)oint 


The figure 19 is what is ternn'd the eonst.ant for water. 

Eor instance, 10 grammes of glucose* wen* dissolved in too 
grammes of water, arnl the* dejiression of tln^ freezing point of tlie 
solutimi found to lie 1.07'" C. ; then — 


If) X 10 

1.07 '77.5. 

This is very close to the re.al molecular weight of glucose, whi'h 
is 180. It may lie here mentioned that the figures obtained, 
owing to disturbing influenee.s, are only ajiproximate, and iicvif 
absolutely exact. 

^ This law doen not hold good for inorganic salts, which behave as though 
they contained a larger number of inolecuies than they actually do. Thisi 
explained by the law of Arrhenius, is supposed to depend on what ia terniot 
the molecular disassociation into the ionn by the action of the solvent wliicn 
assumed to take place in dilute solutions of such salts. 
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Five grammes of cane sugar dissolved in loo grammes of water 
Avoro found to give a de])ression of o.2tS5° C. ; tliis, by the aViove 
formula, gives a molecular weight of 333, wliicli closely approxi- 
mates to the true value, 342. 

iSimilarly, Brown and INIurris^ found that 8.6114 grammes 
of maltodextrin dissolved in 94.71 grammes of water gave a 
depression of 0.180° C. This, when calculated out, gives a 
molecular weight of 960, and from this and other consielerations 
they considered that tin; real molecular weight of this substance 
was 990, 

The Polarimeter and Specific Rotatory Power.— AVhen 

a 1)eam of polariscal light - pa.ss(>s through certain .substances, it 
sufiers a certain amount of twisting on its axis, or, in other words, 
it is rotated. The .solutions of many substances, such as dextrin, 
maltose, glucose, Ac., po.sse.ss tin* ]>ower of rotating the })olarisial 
ray, juid are consequently .said to be optically active. Some 
bodies twist the ray round to the right; tlnese are termed “(h*xtro- 
rotatory”: others t wist it to the left ; they arc “ la*vo-r(d:itory.” 
All solutions of jin oj)tically active substance of tin; same strength, 
when traversed by the polari.sed ray in layers of the same thick- 
ness, rotate, the ray to the same extent, ?.c., each substance has 
a dclinite rotatory power. When this is calculated ui)on a 
certain definite strength of solution, and ujxrn a layer of such 
Solution of a detinitt' thickiu'ss, an expression is found which is 
termed the “specific r(datory ])OAver” or “the oj^ticity ’’ of the 
suirstance. Tlui function of the ]H)larim('ter is to determine the 
amount of rotation Avhicli tin' jadurised ray sutrers in pa.'^.sing 
through a layer of the .solution of an optically active substance, 
rroiii this, by taking certain other factors into account, the sjuadiic 
rotatory |)0W(“r of tin; su))stance (‘iin be found. When tin; specilic 
rotatory ])ower of a sul)stance ])res(‘nt in a .solution is known, the 
polarimeter enables us to estiinati' its amount. 

Laurent Polarimeter. — Tin ‘re are S(‘ver!d varieties of ])olari- 
meters, or “p.il,iriscopos,”;is tlicy mv ..ftoii iiicorrootly called, but tlio 
■''o ino.st eomiuoidy vis(*d forms are the Laurent and the Schmidt 
'Hit JIaenseli half-shadow. The former, wbieli is shown in Eig. 6, 
rs 111 qrm sometliing like a tele.seope. The source of light is placed 
pposite the end of the instrument, */, and at a distance of a few 
nic les from it. In tlie tube ln'iieath //, is a prism of Iceland s})ar, 
i/'r ’vvhich converts onedialf the ordinary liglit ])ass- 

to fl polarised light; the other half being refloeted 

half* e ‘^^’sorhed. At (i is a thin plate of quartz, covering 
iiidi . function is to increase the delicacy of the 

ions of the instrument. Next follows the trough Avith 

'i 0/ the Chemical Socictj/, 18S9, p. 465. 

^l^e most i nature and properties of polarised light is one of 

enter iofr. branches of the science of optics, hence it is impossible to 

>nto any details on this subject here. 
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light-tight lid, in which the tube filled with the solution under 
observation is ])laced. Next comes the tul)e A', which contains 
another prism of Iceland spar, the “analyser," and the eyepiece yl. 
The tube E can be rotated on its axis by means of the milled head 
seen underneath ; it carries with it tlu; index G, which indicat(‘s 
th<‘ observed rotation on the scale of the dial-plate B. The liglit 
employed with this instrument is monochromatic, and is obtained 
from a Ihinsen burner, in which a [)ellet of sodium chloride is 
supported. The instrinmmt is used in a partly darkened room. 
The observation tubes are generally madc^ of glass, their ends 
being ground perleetly true. A brass .screw attaelied to each end 
enables the tube to be closed water-tight with small circular glass 
plates, which are retained in position l)y screw-caps. The lengths 
of the tubes usually employecl an; r, 2, and 2,2 decumetres.^ 

In using the instrument, the lamp is lighted and placed in 



position, and an observation tube Idled witli water placed in the 
trough. Oil looking tlirough the eyepiece with the index at zero, a 
circle of light will be seen, divided into two halves by a black line; 
the eyi![»iece is then adjusted until this line is perfectly sharp and 
distinct. If the instrument is in i)erfect adjustment, each half of 
the fiehl will ]>e eipially illuminated. Jf this is not the case, the 
instrument must be a<ljuste<l. Jf now the observation tube is re- 
moved and a two-decimetre tube filled with a 10 percent, solution of 
cane sugar inserted, the two halves of tin; field will be found to bo 
unequally illuminated, but, liy turning the imlex by means of 
milled head in the same direction jis that in which the hands of 
a watch go,^ a position will he reached when both the fields are 

^ One decimetre = 3.937 inches. 

When the index has to be turned in this direction the angle read h 
plus ( -f- ), when in the fjppcwite direction it is minus ( - ). 
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again of fclio same briglitness. When this position is readied, the 
reading of the scale will indicate exactly the amount of twisting 
or rotation which the polarised beam has undergone in passing 
through a layer of 10 per cent, cane sugar solution 2 decimetres 
thick ; and from this, as will afterwards lie shown, can be deduced 
the spiicilic rotatory power or opticity of (;ane sugar. The scale 
on the dial-plate is divided into 360 dijgrees, and, by means of 
the vernier attached to the index, can be read to the sixtieth of a 
degree. 

Schmidt and Haensch Half-Shadow Polarimeter. — In this 
instrument, which is illustrated in l-'i^. 6(i, the ap|ieariiiice of the 
circle of liolit is the same as in tin; fsiurent ; the light is, however, 
obtained from an ordinary gas or parallin lamp flame, ]ilaced at a 



1*10. firt.— Schmidt and Haensch Half-Shadow Polarimeter. 


melt ' f tlie instrument, N. The adjust- 
isre el tl ^ a'>'l the scale 

tint' of t)°”*t ' '■'yi"«co A'. The scale is entirely different from 

allV f 11. ''"•roi't. As the instrument was constructed sneei- 

constr ietrr and refineries, its scale is 

has enn show ])crcentjiges of cane sugar directly. It 

can he of the vernier 

hthc is «f I?"* ‘‘ When the two-decimetre 

Krimmies nf ‘ “ solution, loo c.c. of which contain 26,048 
divisions “'^•'runient indiciiU's 100 scale 

«nd witlVtK;\?* '"'pore sugar is emi.loycd for making the solution, 
'■o'ltains mil* *'^'* ** reading is 76.5 divisions, then such a sample 
«'>ce in the ^ 1 I’®'' Cwing to this difl'er- 

to convert e®? ®'’- , instruments, it is necessary in order 

bchmidt and Haensch degrees into Lturent degrees 
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to multiply by a factor. Tliis, accortlin^L!; to Rimbach, is 0.344, 
ami it has been shown recently by Rolfc and Defren to lx; corn'd 
for starch conversion products. The Hchniidt and Ilaensch in- 
strument only gives absolutely accurate indications with cane sugar 
and sulistances whose solutidiis are of exactly the sanu! dispersive 
power as quartz; it is fairly accurate also for the car]K)hydrates, 
such as glucose, maltose, and dextrin, hut with sul)stances such as 
tartaric acid its readings would lx> (juite inaccurate. The instni- 
mt'iit is mon* convenient to use than the Laurent, because ordinary 
white liglit can be emj>loyod, and as the held of view is more 
strongly illuminated, it is (‘asier to (h-al with coloiirc'il solutions ; 
but in cases where absolute a(‘curacy is i-e([uisit(‘, the Laurent 
instrument sluadd always l)c emjdoyed. 

Sometimes the specilic r<»tatory pow('rs of bodies are found 
e\pre>sed in tlcgrees [<». ] j, Lhes(; relate; to values obtained by oldt'r 
forms of the polarimeter. 'rwenty-four degrees [n.]j are. erpiivaleiit 
to 21.67 degrex's | ^ 

Solution Factor. In .stating observations madt' by the polaii- 
nieter, it is usual toap]M*nd the solution factor in those cases where 
one is employed, as in the statement of reducing ])owers. Tdiiis 
[a),,.,,, r 52.8 W(»uld iia'aii that this specific rotatory pow«'r had 
been obtained by <*m]doyijig (h<' 3.<S6 factor to ascertain the amount 
of sub.«>tance presont in .^oiuti(»n. 

Temperature. As the ojiticity (d’ many sulistances is influenced 
by tem[»eratur(', the temjierature of the sedution should be noted 
whc'U an observation is ma<le. 

The Specific Rotatory Power or Opticity. — This is tin; angle 
indicated by the ptilarimeler when a layer of the sulistance one 
deedmetre (3.937 ins.) in thickne.'^s is exjimined in that instru- 
ment. I’or instance, if when the one decdmeti'e tula* is filled will) 
English oil of turjM*ntine, ami jdaced in the Laurent [lolarinudci. 
the reading is -i 21.5, this nundier dividc'd by tlx; specilic. gravity 
of the turpentine gives din.'ctly the “ojiticity or Hjx‘(;ilic I'otat'iry 
jxiwer” of that jiarticular .samjile of turjientine. 

If, on filling a tidie of the .same length with French oil ‘d 
turpentine, the angle ob.s«;rved is -40.3'', then the ojiticity of that 
Jiarticular satnjile may be obtaimxl in a similar manner. 

When, however, the ojiticity of a .solid .substance, such, for 
examjile, as cane sugar, has to Ik; deteiniined, the matter is net 
quite so simjile, as fibvioiisly it is imjio.ssible to fill the tube with a 
solid substance like sugar. In sucli ca.ses a solution of knoAVii 
strength of the Ixxjy is made with a fluid which is without action 
on the polari.sed ray, and the ojiticity of the solution ascertaiiicil. 
For instance, when a 10 ])er eeiit. solution of jmre cane sugar 
examined in a tube 10 decimetres long, the angle observed 
+ 66. 5^ TTii.s angle is a-ssiimed to exjire.ss the sjiecifie rotatory 
power or the opticity of cane sugar, and is exjiressed [a]„ + 66.5 • 
^ See Appendix 13. 
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Tlie opticity of a siiliHtanoo may therefore be described, as O’Sul- 
livan has proposed, as the angle given by a layer of a lo i)er 
cent, solution of that substance lo decimetres tliick. The us(‘ 
of a tube lo decimetres hmg, owing to its unwieldincss, would 
be impracticidde, and, moreover, .solutions are rarely suflicientlv 
colourless to permit of the use of a tube of such a len^dh. Coii 
sequontly, shorter tubes of i and 2 decimetres length are* almost 
invariably employed, and the specific rotatory powei^obtained by a 
calculation.^ ^ 

If, for instance, a 10 ]M>r cent, solution of pure cane siimir be 
examined in a one-decumetre tube, the angle oh.served wdl be 
6.65^ and the multiplication of this figure hy 10 will .-ive the 
opticity of cane sugar. (As i decimetre' is to io decimeto>s so is 
6.65” to 66.5^) 

If, instead of a 10 per cent, .solution, one of 20 ])(‘r cent, is 
employed, the angle olcserved will he twice as large, and will 
consequently, have to lu* halved befon' luu'ng multiplied bv 10’ 
Should tli(i two-dm‘im(‘tr(; tube lie eiuj^loycd, then the readin.^will 
have to hi? halved and multiplicMl bv 5. 

The opticity is obtained in any cas(*, by the following etpuition : 

” bx which R is the reading of tin* polarimeter, L tlu' 

length of the tube emjdoyed in decimetres, and C the number of 
grammes of substance contained in each 100 c.c. of the 8<.)lution. 

bor instance, .suppo.se we have a .solution containing in (‘.verv 
ICO c.c. 12.5 grammes of a body iho opticitv of which we wish to 
Ueteriiiine, and upon examining it in the two-decimetre tube we 
obtain a reading of -i- 41.0°; then— - 


W of specific rotatory power of such a substance is there- 

one [aj„= -f 164 . 

''f a substanre is known 
the substance in solution is readily determined bv 

I'olnrimotor by tb« ai.l of tl.c following- fornu.la 


(' ^ U 

100 I,x[al„ 


its real ontidtv Vmf this way, it is probably 

that solvents thon of fl ^ ^ apiMtrait opticity, sinco it has been found 

f on thJ ooUci V ^PPr^^ciable 

fhougli obviously hnf rf dissolvcfl ill them. This method, 

'“‘iicates what’ would ?! ^ P‘'"®‘hle, and even tlien it only 

solution of ^ the rotatory power of one decimetre of a 100 per 
cane sugar (if such a thing were possible). 
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(' is the iiumV)er of ^nviiimes of tlu; suhstance in too e.e. of solu- 
tion, K the ohserved an^ie, aiul [«]i, the optieity of the suhstance, 
beinu; the lenjj;th of the observation tul)e in deciinetres. Eor 
instance, a solution of cane su<^uir of unknown stiaui^th is found to 
give ;i reading of -i 17.29"; then — 

^ (' _ jj erainnies. 

Kxj 2x06.5 

I'hu'i v 100 e.c. of the solution, thendore, contain 15 graiunifs of 
caiK' sugar. 

AVhen tlie wcdglit and oftticities of two l)odies in solution aiv 
known, tlu* r«*lativ<‘ proportions of each can easily be found. 
Su])]»oso that a s<dution contains 16 graniiiies ])er 100 c.c. of a 
juixtuK* of maltose (optieity l"]i, i- 135-4 ) dextrin ([e],, i 
195 ), and that, on examining the .-<(.1111^011 in tin* twcj-decinietiv 
tnlje, tlie angle oliserv<‘d is i 52..S.t2 , /.e., tlie solid matter in 
solution has an optieity of e 165.2, the lelative ])roi)ortions 
of malto.-c and dextrin in eaeli giamme of tlie solid matU'r aiv 
found in tin* following nianin*!’ ; -- 

From tin* nutnber found for the (tpticity of the mixed suh 
stances subtract the optieity of that which has tin* less rotatory 
))0wer- in this case it will be 135. 4 - rind divide tin* rcsnil 
l>y the diflereiice of tin* rotatory [towers oi tin* two liodics, 
which here is 59.6.* This will Ix^ 165.2 - 135.4 ^ 29.8, and 

0.5 gi'amnn* dextrin. Each gramme of substanct* in solii- 
59-^J 

tion consi.sts tlnrn-fon* of 0.5 gramme of ilextrin and 0.5 graninn* 
of maltose*, con.<e(pi(*ntly the 16 grammes contain 8 grammes ef 
maltose and tin* same weight of <h*xt!a'n. 

Cellulose. This substance* fetrnis the gretiindweirk eif tin' 
tissue s of every jtlaiit fre»m tin*. higln*st tre-e* to tin* letwlie'st fungus. 
Its e-hemical e-ompositietn is exprc*sseil Ity .sonne multijtle etf tin*, gi'oii]) 
but we are* still in ignorance; as to what that number is. 
Altletugh e)nr; of the most alminlant e-unstitue*nts etf the* vege*tahli* 
kingehmi, it is only me*t with in tin* pure state* in ve*ry yeiung ce*lls, 
sine*e‘, as these grow olele*r, othe-r substances are th'posited in tin* 
ee*ll-walls ainl in tin* inte*rietr etf the e*ell.s. d'his is reaelily ohs(*rv- 
able* in tin- husk of baihiy, the cedl-walls of whie*h at lirst cetnsist 
(jf [jure; e-ellulejse, but which sub.s(*(piently become iiicrusteel with 
the; toughe-r arnl metre* resistant lignin, in (treh;r that th(;y may foi'i>‘ 
a ine;re (*n‘ectuai [>re)te*etie»n tej tin; more; delie*ate contemts of the 
barh;y-se(;d. Cejtton-wejol or Swedi.sh lilter-[)a[)er may lie citeel as 
<;xani[)le,*H of nearly [mre; ce*llulo.se. In this cejnelitiejii c(*llulose i.s a 

* Kx[)reHHeel algebraically, this would be. as followH ; — 

195^ I l 35 - 4 G-a^) 165.2 

Ojiticlty of <le.vtriii. Optieity of tnultose, Optieity etf niixtiiro. 
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tasteless and odourless body, insoluble in the ordinary solvents, suidi 
as water, alcohol, ctlicr, &c., or by iirolonged boiling with dilute 
solutions of the acids or alkalies. Cedlulosc is, however, solulde 
in a solution of cupraniinoniuni o.xide,' from wliicb it is’ iirecini- 
tated in an anior|)lKiu.s comlition by acids, or by passim' a current 
of carbon dioxi.lo gas tbrougb the .solution. It is also .soluble in a 
.strong solution of zinc chloride in hydrochloric acid. 

C<dhilo.se is coloured yellow or lirown hy a .solution of iodine ■ 
hut if previously troateil luther with a .strong solution of sulithnric 
acid or of zinc chloride, it is then eidonred hliie hv iodine 

When cellulose niemhranes have attained a 'eerlaiit iioe tliev 
e.vliihit the plnmoinenon of dmihle refraction. S.uiie of the ec'b 
iuloscs, wheii iirst treated with .somewhat eoneent rated siil|ihrti-ir 
acid, yield glucose on prolonged hoiliiig with a dilute .solution of 
the .same acicl. Thi'sc may, therefore, l„. regarded as polymerised 
anhydrides of this sugar. Other varieties, when similarly treated 
yield mamiose, and this is particularly characterislie of 'what are 
termed the ‘‘resorve celhtloses," such, 'for instance, as those which 
aie conlatiied 111 large i|iiaiitil,v in the ivory nut or the .seed of the 
date Here cellulose is d.'posiled as a reserve material, just as 
s tiich IS 111 o her seeds, such, for iiislam-e, as in those of the liarley 
]) an , l<or this bum of cellulose (which is s..mcwhat mori> readily 

sohil.c 111 strong alio solutions than the former) the name 

hcmi cellulose has heeii piuposed. Often the cell-ivall.s of 
l. nts consist of a mixture of these two forms of cellulose, which 
'Mst most prohahly „i a state of ehmiiical comhimition. It lias 
iotlf of''e it -"''11 another modi- 

rc 1 '’'"'tai.i a larger 

‘‘.'xv celhiV " 

Ililute all-T'’’ I r' ’ 1 "’ ‘■'■■'‘istaiil to the action of 

wilt d i ill ake the pentose sugars, tlm oxvcelluh.ses, 

livdrolvsl- 'iV't ' aci'l, yield furfural: and, upon 

fell C r "''I’'"'"" are par- 

^ a fermentahle sugar that has jindiahly the 

‘■■"'-"’i-'b' coustittitiou : Cy 1,0, (1^)011.1. They point to tl.e possi- 
'>''l>c^’ce',7t suhill!',’'''"" "ith 

' of f.’- iioutralisiiitr t],o acid 

" di' h mioiit he I 'l a further iKirtioii of fermentahle. .sugar. 

•''I events" the ' .''‘a ''-''rt |)revious to fermentation. ' At 

tile d UiS" "’’'‘"""‘I "■a.V alaaild he utilisahle 

uisiiitei and vinegar-maker. 

ulosc portion of tlu* starcli j^raiiulos appears to l)e of 

« in n vess..! partmlly title, I witli .strong 

-‘Minnes a dppp colour of air. Tlie liiinicl gr.adnally 

oflircwi«g, 1S97, p. 15. 
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a different nature to ordinary cellulose, since it is converted into 
soluble carbohydrates by the action of diastase. 

The weight of the husk of barley which consists of lignilied 
cellulose ranges from 7.2 to 14.9 per cent. It may be dtdermiiifid 
by soaking the barley, and j)lacing it while still under water in 
the receiver of an air-pumi), and exliausting the air. This n*. 
moves tlui air contained in the barley; and, on again ailmittiiit; 
air, the })ressure of the atmosphere forces water into the space, ^ 
originally occupied with air, the effect being to so loosen tlu' 
husks that they can l)e easily removed. They are then dried 
and weighed. 

Starch or Amylum. — To the brewer this su])stanceis theniin.st 
important constituent i>f tin* barleycorn, of which it forms 60-66 
per cent. ; the sugar, which upon fermentation is to yield alceiheil 
and carbeen dioxides ga.s, is for the. most part derivcil from starch. 

Next to cedlulo.se, starch, which is found in all green plaiit.>, 
is the most abundant material m(*t with in the i)lant wandd. It 
is also stored uj) in considerable (punitities in the seeds of many 
plants, such as the cereals, as a reserve material from which the 
seedling derives its nourisiimcuit during germination. 

Characteristics of Starch. — Stareli in a state of purity f"ini.s 
a white, tasteles.-^, and inodorous powder eonsisting of small 
granules. Tlie stareh grains from different plants, when exa- 
mined under the micro.scope, an‘ found to differ so much in 
form and size that it is often possible to <let(uaiiine, hy a simple 
micro.sco[)ic examination, the plant from which tlm starcli lias hern 
derived. The illustrations on pp. 66 and 67 show this. 'riioni;li 
all these starche.s differ in size and shape, still they exhiliit certain 
similarities in stnu’tun?. J6acii has a dark point, central in some, 
eccentric; in otiicrs, known as the “hiliim.’’ Hound this an; seen 
a series of c(jnccntrie lines, an appearance eaus(‘d hy the peculiar 
structure of starch granules, w'hich are built up of layers containing 
varying amounts of w’ater. The hilum is always rich in water, 
and each layer altenuiHdy (;ontains more and le.ss water, tlie out- 
side* layer ]>eing always the poore.st in water and richest in sub- 
stance. As a (;on.se(pience of the proportion (ff water incrcasin.it 
from the oiitsidi; of th (3 granule iinvards to the hilum, lisoiivs 
radiating from the hilum towards the ])eri)>hery often arise as tlie 
granule becomes dry. liy soaking starch granuh'S in alcohol, whirb 
entirely deprives them of water, all apj)earanco of stratilicatiun 
disappears, l)ut tlm lines reappear if tin; granules an; moisicnol 
with water. If they are treated w'itli dilute jilkalies or acids, or 
witli a xveak solution of chnujiic acid, the appe.aranco of stratiliou 
tion is rendered much more distinct. 

Starch is insoluble in the ordinary solvents, sucli as alcoliol, 
ether, Au;., and it is in.solnbh; in a .solution of cuprammoiiiuni 
oxide. The intact grain.s an; completely in.soluldc in w'ater, 
hence starch is readily obtained from seeds, tubers, and other 
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starch-containing organs. These are crushed or ground and washed 
with water on a sieve ; the starch granules pass through the sieve 
along with the water, leaving the coarser portions of the tissues 
behind. On standing, the starch deposits on the bottom of the 
vessel placed to receive it and the liquid which passes through the 
sieve. It is then washed several times with water by decantation, 
and finally dried at a low tem})eratiire. Starch is generally made 
from rice in England, from potatoes and wheat in Oermany, and 
from maize in Southern Europe. 

The average specific gravity of air-dried starch is 1.503 to 
1.504. Air-dried stareli contains from 15 to 20 per cent, of 
hygroscopic water, the last traces of which it retains with great 
pertinacity ; consequently, it is almost impossible to remove the 
whole of the moisture by heat alone witliout at the same time 
causing a clieniical alteration in the starch suVistance itself. To 
avoid this it has been [)ropos(Ml by 1 lafert ^ to remove the hygro- 
scopic water by drying starch in a vacuum at loo^" C. (212° F.). 
Absolutely dry starch attracts moisture with sucli avidity, that 
wlien moistened with water a })erceptible rise of temperature 
takes place. This shows that the last portions of water are in 
a state of chemical combination. 

Formation of Starch. — The starch granules are deposited in 
certain cells in the plant ti.ssue known as “starch-formers” or 
“ amyloplasts.” According to the theory proj)ounded a lung time 
since by Niigeli, starch granules do not grow like a crysbd from 
within outwards (by apposition), but from without to within (by 
intersusception). A layer of starch is first deposited round the 
inner surface of the starch-forming cell, which is filled with a 
Solution of the substance (probably sugar) from which the starch 
IS derived. Another layer is deposited inside this, and so on until 
the cell is completely filled. According to this view, the outside 
nyer of starch is the oldest and poorest in w'ater; the portions 
•iboiit the hilum are the newest ami richest in water. Attempts 
lay) been made by 8chimper and Meyer - to disprove this theory, 
and to show that the startdi granules grow by a})position ; but the 
Oder theory (intersuscej)tion) of Niigeli appears to e.xplain the 
'V lole of the phenomena observed in the more satisfactory manner, 
nne which has found the most general acceptance. 
Microscopic Characters of Starch Granules. — In microscopic 
yipi^aiance barley-starch (Fig. 7, a) consists chietly of two sets of 
yamilcs, one very mueh larger than the other, also a few of an 
uinodiate size. The larger granules are circular in s]ia})e, and 
from their .siilcs have the appearance of bi-i‘onvox 
; the smaller granules are cither spherical or polygonal. The 
niaiV but is seldom w^ell marked. The eoiiceutric 

ings are very indistinct, unless brought out by some reagent, 

^ Jonrn. f. prakt. Chem., Ixxiii. 51. 

^ Motan. Zeit., 1881, pp. 185 and 841. 

E 



66 


BREWING CHEMISTRY. 


such as chromic acid. The smaller granules are entirely uii- 
stratitied. The large grains vary in diameter from 10.8 to 32.8/x, 
the majority measuring 20.3/A. The lesser ones are from 1.6 to 
6.4/x in widtli, the most freijueiit size met with being 4.6/x.i 

]Vh(^at-st(trc]t (Fig. 7, h) very much resembles l)arley-starcli in 
appearance ; tin; small granules of wheat are, however, smaller 
than those of barley, and th<‘ large granules show the (concentric 
markings even less distinctly. I'ln* large granules vary in diameter 
from I 1. 1 to 41/X, and the smalhu- from 2.2 to 8.2/x. 

Ilicp-sfan-Ii (Fig. 7, c) consists of two kinds of granules, simple 
and compound. Both are polygonal in shape. A large ])olygoii;il 
or a star-shapi*d hollow takes tine place of the hilum. Tin* com- 
pound grains vary in diameter from 18 to 36/A, tie* simi)l(‘ grains 
from 3 to 7/A. 

(Fig. 7, <f) also consists of simple and com{)ouiiil 
granule's. In tin* e.xterior horny portion of the corn the grannies 
are polyhedral ami compoiiinl, Init the interior and more mealy 
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star* h (iranuli-.i fi<nn (a) I’.ailey ; (h) Wheat ; {<') Kit e ; ('/) Mai/.e. 


portions of the grain eonsist almost (c.xclusively of simple, granules, 
only a few really compound granuhes hinng nud with in this posi- 
tion. The simple granules are spherical «)r elli}»tical ; the coinpounil 
granule.s, and also tin* small grains contained within them, are 
polygonal. Tin? majority of the granules poss(‘ss a hilum, or in 
its i)lace a st ar-.shaped hollow. The compound granuhes have a 
diameter of about 47/x, the simple vary from 7.2 to 32.5/A I'l 
diarinder, the average being 20/A. 

In potato-aiffirk (Fig. 7,^,./') the large and mature granules are 
egg-shaped, the smaller and more immature sph(;ric,al. The larger 
ones have, iin (?xcentric hilum, around which the e.vcentri(c marking" 
are very distinct; the small granules exhibit no signs of stratilinn- 
tion. I'ln? granules of this st.areh vary in diameter from 60 tn 
loo/x, their iiiost frecpient size being 70/A. Potato-starch is known 
eommercially as “farina.” t)f this there are two kinds, 

^ The rnicroinilllmetre, which (jquals the one-thousandth part of a nn'l'j 
metre, is an exceedingly convenient unit for microscopic moasurements, fti*' 

is denoted by the (ireek letter /a. It is cepial to the * of an inch. 
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and seamda, disUiigui.shed l)y the size of the respective granules. 

prhna consists of large granules varying from 21 to y^fi in 
diameter; the serumia of granules from 12.5 to 21/x in dimimler. 

Swjn-starch (Fig. 7, y) is somewhat elli])tical in form, the hilum 
often appearing as a fissun! situated in the long diameter of the 
granul(‘. The c(‘lls have a hmdency to sjdit in two through their 
short (liameter, thus |>ro<lucing muller-shaped granules. As met 
with in commere,e, tliese. characters are much modified by the heat 
and moisture used in the ])roce.ss which this starch under<ajes in 
l)eing made into grains. ” 

Composition of Starch. -Stairh chiefly consists of two bodies, 
graniilose and starch cellulose. It also contains minute ouantities 
of fat, nitrog(mous bodies, and ash. The. granulo.se of the starch 
grams is easily dissolved 1)y several reagents which do not .allect 


I'k;. 7. 



(0 l‘otat()-Star( h (/') ( aannlt s. 

vi.wcii in iM.larisiMl 
liyfn. with cntssoii 
Nicol.s X s'-xj Oiftci' 
Stirling). 



(.</) SUiivh «Jranult‘s of (’omnu-rcial 
Sago {a/tt’r iJavirs). 


X «,.|«ration of tlio two can l,e readily 
f ^ ‘ with a little fresh saliva a^t 

a salrn^f y (95“ to 13,'' F.), or treated at 6o‘ C. (140° F.) witl. 
livdidr'l'.l *'!■ eominoii salt eontaininn i p(M- eont. of 

Iterfeet n'l granulost' gradually di.s.solves away, and a 

reseinl 1 ^ behind which exactly 

obtain'd The substance thim 
t‘'< ated witl from yellow to brown liy iodine ; if previously 

blue colornr^^^* chloride of zinc, iodine then gives a 

(p- Oi) general reaction given by eelluloso 

Hr iirnn solulde ill cuprammonium liydrate. 

O' nt. hvdvnnn\ • ^ri'ating various staiadies with i jier 

oelhilose amounts of starch 

} g fiom 2 to 6 per cent, in the dill’erent starches ; 

Joum,f. Landwirthich.^ 1S62, p. 21 1. 
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and similar re.sults were obtained by Niigeli.^ If the action of 
the acid be continued too long, some of the cellulose dissolves, 
since it is not altogether unattacked by dilute acids. The outside 
thick envelopes are the most resistant. 

According to the investigations of Sostegiii,’ .starch cellulose 
consists of two .substances, one of which is a fat. This i)ortioii, 
which constitutes about one-fifth of the whole suhstance, can l)e 
extracted by ether. It is a pure white crystalline body, whicli 
melts at 47' to 48^ C. (117 to E.). The reniaiiiiiig })oi’tit)ii 
of the starch cellulo.se is .soluble in a 2 }H!r cent, solution of 
caustic potash, and from this solution it is pr(H*i[)itated .is an 
amorphous substance* on the addition of an acid. If lu'ated for 
some time with a dilute mineral acid, it di.s.solves and yields 
glucose. 

Starch cellulo.se is also di.ssolved ])y the enzyme cytase di.s- 
covered in the .seeds of tlie cereals by Brown and Morris. 

Granulose. - This substance forms by far the greater portion 
of th(! starch cell ; it is coloured })lu(* by iodine. Wh(*n the 
.structure of the starch cell has been destroyed, I'itlier by heat or 
mechanical force*, the granulose can be di.s.solved out l>y C(dd Avatcr. 
Berzeliu.s,^ by triturating star< h in a mortar with cold water, Avas 
able to di.s.solve eveuything but the celluK'.se portion. Niigeli states 
that he ha.s seen the granulo.'i* dissolve under the microsco[»c in 
sections cut through starch grain.s. 

Notwithstanding these stateim*nt.s, it is <|Uestioiiahl(^ if graniileHe 
forms a true solution. When a so-called .solution is lilten'd througli 
filter-paper, the granulo.sf* pa.ss<‘s through, and its presence can In' 
detected in the liltratf* by the deep blue colour given by iodiiio 
though no trace of suspended ])articl(*s can be. st'eii. If, hoAvev(a, 
a diirusi(jn experiment be made. Avith parchment }iaper, no graim- 
lose [)as.ses through the memluamc Hence it is fair to concliuk 
that tin* granulos(! is not in a stab; of true, solution, but is merely 
divichal into exceedingly fim; particles, Avhich are diflinsed throw, 
the li(piid. Tlie.se partich*s, tlnmgh sufliciently small to be ahlf 
to pas.s thnnigh filter-{)aj)er, are not small (‘iiough to })ass throiigli 
a diffusion membrane. 

Granulo.se in its .so-called aqueous .solution ha.s an opticity wf 
about [a]j -f 200" and no reducing power; it i.s precipitated trem 
such solution.s by alcohol and tannin. 

Behaviour of Starch with Iodine. Starch grains or soln 
tions of granulo.se are (adonred an inteti.se blue on the additi"i‘ 
of a dilute .solution of iodine. This reaction, Avhich was •h'^' 
covered by Gaultier de Clanbry in 1814, is extremely delicatt 
and is frequently u.sed as a te.st for the recognition of 

^ licit, z. Kennt.d. Starke, 1874. 

* Central. /. Afjriculturchnu., xv. 638. 

* Journal of the Chemical Society, 1890, p. 468. 

* Jahresber. f, Chemie, 1831, p. 201. 
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traces of starch or of iodine. It is much influenced by tempera- 
ture; tlie lower the temperature the more sensitive is the re- 
action ; at or near the boiling-point of water tln^ coloration does 
not ajipear at all. It does not show itself so readily, nor is the 
coloui so ])Uie, in the presence of certain otluu’ bodies, such as 
taiiniii, malt extract, beer yeast, A:c. Whether the blue substance 
formed by iodine and granulose is a true (chemical compound or 
not has not been definitely settled. 

riie colour produced by iodine and starch grains is not always a 
pure blue, but vari(5s with the nature of the starch. Thus, potato- 
starch gives a deep blue, whilst with wheat-.starch the colour pro- 
duced inclines somewhat to violet. This is accounted for by a 
larger amount of the cellulose, which is coloured brown by iodine 
being contaiiuMl in some of the starches. ' ’ 

Two sbirches hav(‘, been met with hy Dafert and Kreusler,! 
the one in a species of rice, the other in 'a kind of millet, which 
are coloured from red to brown by iodine. 

Imbibition.— feta re h is able to imbibe a certain amount of cold 
water, which simply .swells the granules out to a slight extent 
without destroying their organi.sed structun*. 

Gelatinisation of Starch. — ^If starch be mixed with cold water 
•md the mixture be gradually heated, when a certain temperature 
(wluch varies for each diflerent starch) is reached, tlie granules 
)egui to swell, and when a certain point is readied, their cellulose 
eiiV('loi)es burst. As the temperature rises, more and more of 
tlie coiiteiihs of the granules escaj)e, until at last a gelatinous 
ma.ss IS produced, thinner or thicker in consistence according to 
le aniount of starcdi pre.sent ; -this is known as “staroh-pa.ste.” 
a giaiiule.s, when examined under the micro.scope, are now 
ouiK to liave lost all structural organisation, and this is never 
1 f P^i^te 1)0 dried, a horny mass is 

e t, winch, when heated with water, merely swells up, but does 
Hi'm/ •starch-paste is frozen, the ma.ss afterwards 

led ^ pressed away, the starch after drying is 

white mass, whicli upon being boiled with 
<rcl-u; swells up, and exhibits no tendency to form a 

he (1 AVith gelatinisation the starch granules cease to 

tho t ! * ^ ^ Th(‘ vi.scosity of starch-paste varies with 

’lot same solution being much less viscous when 

dried ^ ^’’^Peraturo at which the starch has been 

from ^ ^^i''^rkcd eflect upon the viscosity of the ]>aste derived 
iviste 1 ^ Heron - found that the viscosity of starcli- 

of thaH! " r'f'' 30 * C. (86" F.) was only a fourth 

mmie from the same starch when dried at loo" 0. ( 212 " F.). 

IJiroiiLdi filtered, the portion passing 

liter is quite clear, and gives a deep blue colour with 

^ Landwirth. Jahrbueh, xiii. 767 ; xiv. 831. 
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iodine ; no solid matter can be detected in tlie li(]uid l>y a micro- 
scopic examination. ^larker expresses doubt as to 'whether the 
granulose is really in a state of true solution ; Brown and Heron 
hold an opposite opinion, and think that the granulose does go 
into solution, and that the viscosity of starch-]mste is to be attri- 
Inited to tin? swollen cellulose. A later view, taken by Moritz 
and Morris,^ is that on boiling starch the granulose is converted 
into soluble starch. 

Whether in a state of true solution or not, starch-paste is (piilc 
non-difriisihle, and incapable of passing through a ])orous membraiu'. 

Temperatures at which Qelatinisation Occurs. — Tlie tem- 
perature at which gelatinisation comimmces varies with the dif- 
ferent starclies, and a higher temperatun^ tlian this is always 
required for its conqdetion. 

The following table - gives tin; gedatinisation temperatures ( if 
several of the commoner varieties of starch : — 


V. 


Potato-stnrcli 


14') 

Barley-starch 


170 

Grccn-nialt -starch 

. . 85= 

185 

Kilncd-ioalt-starcli 

So ' 

170' 

Oat -.standi .... 

• • Ys 

i8s 

Kye-starcli .... 

80" 

176 

Wheat-starch 

80' 

1 76 

Kice-.staroh 

So'^ 

176 

Mai/.e-starch 

75 "' 

167 


Starch entirely fre(; from alkalies or aciils may be heated 
witli water under pressun; to 150" ('. (302° F.) without under- 
going hydndysis. It is, however, converted into that modilicatinii 
known as “soluble starch. This property is now fre(piently 
ma(h? use of in tlie analysis of substances whiidi eontfiin starch. 

Action of Acids on Starch. Stan h is gidatinistsl and dissolvi d 
by fuming hydrochloric acid in tlie C(dd to a (dear solution, which 
princijjally contains soluble starch. I)ilut(‘. acids s|)lit up, hy 
hydrolysis, the com|dex imdecule of standi into sim|der molecules 
— (b'xtrins, maltose — the final product being glucose. Ilydre- 
ehloric acid has tin; most inten.se action in this direction, sulphuric 
acid acts less energeticallv, and tie* organic, acids, such as oxalic, 
are miudi slower and more feebh^ in their action. Elevation of tiuii- 
perature essentially hastens the. hydrolytii; action. Wlimi starch 
is allowed to stand for sevmi or (dght days under a 7.5 per ciuit. 
solution of hydrochloric acid, it i.s converted into soluble standi. 

Constitution of the Starch Molecule.'^ — Mm li doubt exists 
even as to the .size of the standi molecule. Musculus and (iriihcr 

^ Science of Brtvnmj, p. 95. 

- Lintner, liraucr u. Mfihfr Kulnidar^ 1 880. 

The reading of this paragraph had bett<!r be pontponed until the ell'll t®'’ 
on the action of (liai*ta 8 e (p. 122) on starch has been peruHcd. 
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considered that it contained tlie group five or six times ; 

Frown and Heron assumed it to be io(Cj2H.,(,0,()) ; and Brown 
and Morris 2o(Ci2H2oOjo)r.* 

AVith reference to its constitution we are as yet (uitirely in the 
(lark. An im])ortant step towards tlie elucidation of tliis enigma 
was made by Scheilder and Mittelmeier,^ wlio showed that the 
dextrins possess free carl)onyl (CO) groups, and hence reduce 
Fehling’s solution. They look ui)on starch granulose as consisting 
of an unknown number of glucose residues, united by a number 
of monocar1)onyl groups and one dicarbonyl group, since, like 
(!anc sugar, it has no reducing powm-. Of the many conceivable 
formulae tlie following two ;ire put forward as the most probable : — 


I. K - : R < K : R R R • R - If > R > R > R > R R 

IJ. R<R<R<R- R- R- If- R>R 

R indicates a glucose residue, - ' a inonocarl»onyl ami - - dicarltonyl union. 

As the formula; show, when sjilitting up takes place at a di- 
carbonyl union, the resulting nioh'cules have each a free COH 
group, and each therefore po.s.S(\ss(*8 reducing jiower.s. If it ))e 
assumed that, when starch is hydrolysiul, dextrin iind maltose are 
formed simultaneously, then the first phase of tlu* action may be 
explaincfl according to om* or other of the following formnke, in 
which denotes a free COlI group: 

I. R- :R<R If Rolf R i 11,0 

Slurrli. Water. 


or 


-lf:R-R If ]{<' •. >lf>]f 

Dextrin. .Maltose. 

H. R<R< R R R-: >R -R - H,() 

St.nreh. Water. 


R - R - ; ( U- R If If- R.' R : R 

Maltose. Dextrin, 

III the first case, besitles maltose, a dextrin with a free COH group, 
‘ind consequently po.sses.sing rediieing {lOM'er, M’ouhl bo obtained ; 
in tlie second, maltose and a dextrin without rediieing power. 

In a third ])aper the authors - eon.suler that they had not only 
I'llectually disjio.sed of the hypothesis of Brown and Morris of 
1^89, hut had also placed the question of the chemical comstitution 
of starch in an entirely new liglit. Taking into account the view.s 
01 K li.scher on the structural formuhe of the disaceharides 
iiialtose and laeto.se, they regard that of cane sugar as (\;llii0r^. 

boHiiOj^. Since they consider starch to have a similar constitu- 
'on, it M ould be expresseil by the formula ( •,,H^^05*0'(R),.‘QHj^05, 

^ Berichte, xxiii. 3060. 


Ibid., 1893, p. 2930. 
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in which R^ represents an unknown number of glucose residues. 
As the hydrolysis of canc sugar may he represented by tlie 
equation — 

GdlnOg-O-CttHnOs + H ,0 = 


so may starch by — 


C,Hn 05 - 0 *(U)/C„Hn 05 l (a;-i)H ,0 = (C^HiAO, 


Applying their symbols to the various linkings, the formula for 
cane sugar becomes C,.H,iOr, <G> and that of starcli 

- >()‘(Rh>( ’,.H jiOr,, and malto.se C^li]ib),r,< )r,<: . 

As they liad already shown that the dextrins possesscal all the 
qualitative, properties of maltose, tlieir g(*neral constitution may 
he expressed by the following formula : — )- <0‘(K)/ 
the number of tlu' glm^ose residues R, varying as tin- 
dextrins themsehae'^ vary. 

Scheibler ami Mitlelmoier d<i not consider that the breakiiiLj 
<lown of starch by hydrolysis takes place acconling to Musculus’s 
theory, but l)eliev(‘ it to occur in a manmu’ similar to that in which 
ratlinose C,.H,,( 11 , hj<^)>C,;ll,^< does. 

This sugar breaks down in two distinct phases ; in the liist 
tlu! nionocarl)onyl link (marked with an asterisk) givers way, :i 
molecule? of fructose leeing sjtlit oil’, heiving a residue of melibiose ; 
in the second phase the dicarbonyl link gives way, and tin? nicli- 
biose breaks down into glucose and galactose. 

Solubl6 Starch. — This body seems to be tin? very first pro- 
duct of the action of eitlu'r diastase*, acids, or hi*at on starch. 

Preparation. — OhSullivan^ prei)ared this substaiici* by dissthv- 
ing starch at 73" to 74" (’. (163" to 165' E.), with tin? lca .4 
])()ssil)le quantity of cohl wat(*r extract of malt, which had been 
heated to the satjie tenq)eratur(‘. The solution was boiled, hi* 
teied, and concentrate<l by evajxnation, when, as it coole<l, solulih' 
starcJi fell out as a brilliant white, ])r(‘cipitjitc. It was furthei' 
})urili«!d by be.ing dissolved in water and re-]>reci])itiited therefrein 
sev(?ral times. When <liied it seemed to sulfer some slight inoili- 
fication ; a small portion was rendered insoluble, and another 
.small portion ( I to 5 ])er cent.) converted into maltose [ind d(?xtriii. 
The purest ]>reparation he was able to make had an opticity "1 
[a]j -f 220'’ and a K of 0.78. Probably the reducing power was 
<lue to an impurity. Musculus and Grub(‘r had previously < 1 (‘' 
scribed a similar body to which they assigned a K of 6. 

In 1886 C. J. Lintner- stated that a soluble modification cf 
starch could be readily formed by allowing ungelatinised ])otatc- 
starch to remain in contact with 7.5 per cent, hydrochloric aci'l 

1 Jounud of the Chemical 1879, p. 772. 

Journ.f prakt. Chem,, xxxiv, 378. 
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for seven or eight days. Starch wlicii thus treated, and freed 
from acid hy washing, dissolves in hot water without forming a 
viscid paste. Brown and Morris ^ carefully examined the product 
of this reaction, and fully confirmed Lintner’s observations. They 
also found that the same result could he attained in a much shorter 
time hy using stnmger acid. When 12 per cent, hydrochloric acid 
was used, the action was completed in twenty-four hours. The 
change in proj)crty is unaccompanied by any structural modifica- 
tion ; the starch granuh's, w'hen examined under the microscope, 
show no alteration in form ; their behaviour tow'ards polarised 
light is precisely similar to that of the original starch grains. 
They also found that this Ixxly was absolutely identical with the 
soliihle starch of O’Sullivan just described. 

Ost obtained, by heating starch with wat(M‘ under a pressure of 
two or three atmospheres, a nearly clear solution of a l)ody which 
had a rotatory powT*r of [a],. - + 196" -197", but no reducing 
power ; it gave, with aqueous solution of iodine in excess, a greenish 
hlue colour, wdthout any temhuicy to violet. The body sej)aratetl 
ii'om its hot aqu(M)Us solution on cooling, or could be precipitated 
from such a solution by alcohol, as a whit(^ powder, which, when 
rec(!ntly pre.ci[)itat('(l, dissolved reailily in cold w’ater, but, after being 
dried over sulphuric acid, would only dissolve in hot water, and 
then not completely. Treatment of standi under higher pressures 
always hxl to tin; formation of (h'xtrin. Ost consid(*rs that the 
term soluble starch wdll hav(‘ to lx* restricted to starch which has 
l)ii8sed into .solution without the size of its mohxnile having been 
alien'd ; in fact, he regards it as the same substance which })asses 
into solution when staich is rubbed up with .sand and wat(*r. 

Soluble starch can be jnvpared, according to Zulko\vski, by 
heating starch with glycerin to 190^ (’. (374° F.). Tt can also 
h(! j)repar('d by submitting starch and water to a temperature of 
from 125“ to 150“ C. (257 ’ to 302'’ F.) in a closed ve.s.sel. 

Properties. — Soluble stanh, wdn'ii prejiared by any of the 
ahove^^inetlnxhs, is readily .s(duble in water of 60’ to 70’ C. (140° 
to 158 h.). When a strong .solution (10 per cent.) is coolctl down, 
be .soliihle starch si'parates out id’ .solution as a white pasty mass 
(tie .same also hap]x*ns when alcohol is added to a .solution of 
f'oluble starch), which, on waishing with alcohol and sulisequont 
very friable. By submitting a dilute solution of 
«tarch to a low' temiieralure, it is possible to obtain the 
^instance in the form of spluero-crystals {Lininer). Soluble starch 
a ei once being dried is almo.st completely in.solublo in cold water, 
hh » I . ^ starch and its solutions are coloured an inten.se deej) 
Ar opticity is given as 216'' by Browm 

Mill'^ [aln+2oo“ by Idntner. Jh’ow-n, iMorris, and 

•ir state that the ojiticity of soliihle starch in 2.5 to 4.5 per 

^ Journal of the Chemical Societt/, 1880, p. a'^o. 

//dd., ,896, p. 243. 
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cent, solutions is, at 15.5° C., [«]„ = + 202°. It has no reducing 
action on Fehling’s soluiion. 

When acted on hy diastase in the cold, it is degraded in ten 
minutes to the No. 8 equation (see page 141). When, however, 
the action of the disstase is allowed to [u-oceed for ten or twelve 
days in the c<dd, soluble .starch is entirely converted into maltose.^ 

Its molecular weight, as determined i)y Kauult’s method, gave-, 
in the hands of Brown and Morris 2 a molecular weight of from 
20,000 to 30,000. Acconling to the same observers, and on Hk' 
assumption that the stable dextrin of the No. 8 equation consti- 
tutes onc-tifth of the molecule of soluble starch, its molecular 
weight is 32,400, and its formula 5(Cj.,H^,„( )j,))2o. 

AmylodextrinS. — Niigeli, in his work oil tiu! starches, })u 1 )- 
lishcd in 1874, desiu'ibes tw») amylodextrins which he had obtaiiiml 
by alhnving 12 per cent, hydrochloric acid to act on starch fur 
from two to four months, at tlu' end of whicli time the staivli 
grains had lost their power of giving a blue colour with iodine. 

Amylodextrin No. I. was obtained by decanting the super- 
natant acid from tlie altered starch cells, and freeing them from 
the last traces of acidity liy rep(*ated decantation with w’ater iiml 
ali'ohol. The grains, after being ilried between sheets of Idotting 
paper, were dissolved in hot wat<‘r, the solution filtered, ami then 
frozen. The amylodextrin .sej»arated out as a crystalloid substauco, 
which, when examined under the microscope, was found to ecii- 
sist of round discs, each of which was composed of a mass of 
m.*edle-shaped forms, groujied radially round tin; centnj of the disc. 
When ex;iniineil by j)oIarised light, tlu'y exhiluted the jliciio- 
menon of double refraction. 

Amylodextrin II. was obtained from the acid fluid in which 
the starch had l»een immersed, while this still gave a blue coloni- 
tion with iodine, by mlding to it after filtration four or five times 
its volume of 93 per cent, alcohol. The white precipitate was cdl- 
lected on a filter and washed with alcohol, dissolved in hot water, 
and the solution frozen ; the amylodextrin then separated out in 
discs exactly similar to those of AmyhKlextrin I. The only difkr- 
ence between the two was their beliaviour with iodine ; a crystal 
of this substance communicated a blue-violet colour to No. 1 . and a 
red-violet to No. 1 1 . It was thought that they were not individual 
bodies, lait mixtures of two bodie.«, one of which is coloure<l vidot 
by iodine, the other red, and Niigeli succeeded in separating two 
bodies which fulfilled these conditions. Amylodextrin I. appaf' 
ently contains more of the modification which gives a violet colour, 
whilst in No. 11 . the red-colouring modification preponderates. 

Rrown and Morris'* (examined this substance very carcfidly, 
but were unable to fractionate it with alcohol. They 

• Lintner, Journ. f jivakt. Clievi., 1S87. 

® Journal of the Chemical Soeiety^ 1889, p. 465. 

Ibid., 1889, p. 455. 
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contrcary to Niigeli’s assertion, that it was slowly But sensil)ly 
ililfusible. They concluded that it was a perfectly distinct and 
definite compound, having an opticity of [a]j + 204.6 and a k of 
10.12, corresponding to a conii)Osition of inalto.se 16.6 per cent, 
and dextrin 83.4 |)er cent. They regarded it as a compound of 
six dextrin groups and one maltose group, whicli would require 
an opticity of [a]j + 206.1 1 and a k of 9.08. Experiments made 
with Raoult’s freezing method also point strongly to its molecular 
weight being 2286, a number which corresponds clo.sely with the 
composition indicated. Wlien treated with fresh malt-extract at 
any temperature under 60° C. (140“ F.), it was completely hydro- 
ly.sed to malto.se, thus showing that it did not, like solubh' starch, 
contain a dextrin residue. This curious fact led Brown and ]\forris 
to make a series of ex{)eriments to ascertain wlien the dextrin 
residue disappeared. The results of the.se are shown in the 
following table, in which potato-starcli immersed in an 1 1 per 
cent, solution of hydrochloric acid was tested from time to time 
by treatment with fresh malt-extract 


Time of Treatment 
with HCl, 


After 48 hour.s 
I After 12 day.s 
After 21 days 
After 33 days 
I After 66 days 
I After 100 days 
After ^ years 


Iodine Reaction. 


Pure blue . 
Heddish-purple . 
Light reddish-brown . 
Light reddish-brown . 
Light reddish-brown . 
Light reddish-brown . 
Ligiit reddish-brown . 


Apparent Corn position. 


-Maltose. Dextrin. 


Per CcJit. Per Cent. 
.Si. 41 18.59 

S7.70 12.30 

S5.77 14.23 

90. 10 9- 90 

92.0^ 7.95 

92.24 7.76 

97-00 I 3.00 
i 


This la.st prejiaration, when di.s.solved in water and re-precipitated 

fresh n^if which, on treatment with 

tre.sli inalt-extract, yielded maltose only. 

found ^ bydrochloric acid used in the experiment was 

starch 

'vlicnevcr starcli is sub- 
(from '’"^yn'es, sucli as diastasp, ptyalin 

ditions Tf • (from the pancreas), under proper con- 

acids iipon stTreh ° qf the action of 

de>cribl!l'pv'Tif'/*‘“T''®'^®‘* Saiissurc in 1819, and again 

forgotten m 1847. These facts seem to have been 

'rrou.rhtit n.. **72 re-discovered the sugar and 

-Tb^ 

ihis sugar has been usually prepared liy making 
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a starch conversion witli cold-water malt-ox tract, under those con- 
ditions which yield tlie largest proportion of maltose, the conversion 
being afterwards freed from dextrin by alcohol, which preci])itates 
this body and dissolves the maltose. The im{)ure maltose oV)taiii('(l 
by evaporating the alcoholic solution is then furtlier })unlie(l In 
several re-solutions in alcohol and sulxseapient evaporations, after 
whicli it is obtained in a crystalline state (s(>e p. 126). 

rt can be preiaired much more readily by allowing diastas(‘ tn 
act on a solution of gelatinised starch for a considerable Iciiytli 
of time in the cold. For this juirpose 100 gramiiK'S of potatn- 
starch are intimately mixed with two litres of cold water, ami 
the whole raised to a t(*inperatun^ suirKuent to thoroughly gelatinisi 
tin* starch. 'I’ln* mixture is then cooled down to C. (86' h.), 
0.5 gramme diastase dissolved in water, and 5 cubic centimetres dl 
chloroform added, and tin* whole w<'ll shaken up. The ohjeri 
of tin* ad<lilion of chIori>form is to prevent the growth of bacteria. 
The whole! is well cork<*d, and alloweel to stand from ten to twelw 
days at the ordinary temperature. Tin* solutie)n, which sliouM 
then give no turbidity with alcohol (ahseiice! of dextrin), is (‘Vaim- 
ratcil to a syrup, ainl this, »)n standing for a few days, solidities 
to a crystalliin* mass, 'riie mass is dis.-olved in Itoiling 80 ["F 
cent, alcohol, and this .solution on (*vaporation yields crystals el 
pure malt<».<e. 

Characteristics. — Maltose* crystallises from its ;upi(*ous solulii'ii 
in the form of line Me*edle.s, which consist of sharply jxdnted prisiin 
containing one mohiculeof waterof crystallisation, + ll.b. 

wliich can be driven oil’ by exposing the crystals to a tempcratiiiv 
of 100' C. (212' F.) in a vacuum, when anhydrous malteise r(*iiiaiiis 
Anhydious m.alto.^e ciin also be obtained in crystals by slowly 
<‘Vaporating a strong alcoholic .solution of the sugar. 

.^Ialto.se is re*adily soluble in water ; its solution has a swot 
taste. It is only slightly soluble* in alcohol, much ]iiore so in 
alcohol containing water, the more dilute tin* alcohol the gri iiter 
being its soluldlity. 

Opticity. — The ()|)ticity of inalto.se has been variously statol 
by ditlerent ob.ser\a*rs. O’Sullivan,^ using as .solution divi.sor 
gives [a]j 0. 150'’, and later <ui, using the nnu’e correct divisor y 95 ' 
[ajj r 154’’, Jh-own and Henui,- using 3.86 as solution ilivisoi, 
give [a]j+ i5o'\ Wln*n the retpiisiU! calculation is made, it wii' 
.se(*n that thc.se last two number.s an! almost identical. 
ab.solute opticity malto.se as given by Brown and Heron 
who found that the correct .solution factor fora 5 percent, .sohiticu 
wa.s 3.9314, is [/*]j + 153. 1, which ecpials [a]„ f 137.4. Tellnnj 
has recently given the opticity us [a],, t- 137. Ih'own, Morri.s, am 
Millar-'^ give [a],, = 137.93“ a.s the absolute oi)ticity of 
according to tlieir latest invc.stigations. According to Mei.ssl, tlm 

^ Journal of the Chcniknl Society, 1876, p. 479. 

Ihid., 1879, p. 619. ^ Ihid., 1896, p. 243. 
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o))ti(*ity of a solution of iiuiltose is little influenced by coiicen- 
tiatioii, but considerably by temperature. He <,dves the following 
fornuda for making correctic^ns for concentration and tem[)era- 

' [a] = 140.375 - 0.01837? - 0.095T 


ill which P equals the })ercentage of maltose, and T the tempera- 
ture of the solution. Thus a 10 per cent, .solution at a temperature 
of 20“ C. (68° E.) would have an opticity of [a]„+ 138.3°. A 
freslily jirepared solution of maltose shows an o|>ticity of some 
18° less than its normal opticity ; thi.s, however, rises to tlie 
normal after the solution has stood for twenty-four hours, or it 
may be brought about instantaneously hy the addition of a small 
(piantity of solution of ammonia. 

Cupric Reducing Power. Alaltose has a much lower reducing 
action on Fehling’s .solution than glucosi' has, only al)Out two- thirds 
of the (piantity of cuimous oxhle being yiiflded by malto.se wliicli an 
(■(pial weight of gluco.se would yield. O’Sullivan, in 1876, using 
tli(i 3.85 solution factor, gave K65 as its reducing jiower ; Brown 
and Morris^ consider k6i with tin'. 3.86 solution factor to be 
more correct; and O’Sullivan, in 1884,- using tlie 3.95 factor, 
gives 62.5, wliich, when cal(;ulatc<l out to the 3.86 factor, gives 
61.07. According to Soxhlet, with an exc(‘s.s of undiluted 
Fehling’s solution and an approximately i })or cent, solution of 
maltose, 100 i)arts of maltose invarialdy yield 127.3 
cupric oxide, or 113 ])arts of copper. A iSeries of tables for the 
e.stimation of nialto.se hav(* been prepared by Kjeldahl.'^ Maltose 
has no reducing action upon Barfoed’s .solution {.see }>. 81). 

Action of Hydrolysts on Maltose. — Diasta.se has no hydro- 
lysing action upon maUo.se, con.s<‘(iuently this sugar is the lowest 
stage to which starch can be degraded by the action of diastase. 
Brown and Heron found that the .secretion of the ]\\yerian glands 
ef the small intestine contained an enzyme which readily con- 
verted maltose into gluco.se. Dilute mineral acids, as.sisted by 
heat, hydrolyse malto.se to glucose thu.s; — 

4- H.,() := 2(C,iHi.0,P 

-MaltDBc. Water. Ohicose. 


a reaction which i.s frequently made use of in the. estimation of 
maltose in mixtures. Maltose i.s not nearly so easily hydrolysed 
acids a.s cane sugar. According to Melssl, it oilers live times 
as niueh re.slstance to hydrolysi.s as cane sugar. 

Action of Yeast. — Maltose i.s easily and completely fermeiit- 
a )1(3 hy yeast. It was supposed to ferment directly, that is, 
''Without previous hydrolysis to glucose, hut it has been shown 
* ' that this is not .so. Yeast contains an enzyme which 

voiivorts maltose into glucose. 

of tht; Chemical Society^ 1S79, p. 6iq. Ibid., 1SS4. 

® Med. Carhh. Lab.^ 1895, p. i ; Analyst, xx. 227. 
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Osazone. — AVlieii maltose is treated witli pljeiiylliydriizinc 
aeetate, phenylmaltosazone, 0041130X^0, is formed, which precipi. 
tates, as the solution cools, in the form of yellow crystalliiK 
needles, soluhle in hot water hut insolulde in cold. 'Pile osazom; 
melts at i9o“-2oo° (\ with deconijxtsition. 

When heated with nitric aci(f, maltose yields saccharic aciil, 
Ci)01[.4(CKOH). cooil ; wluui acted upon hy bromine it yiiMs 
maltobionic ai'id : - 

CH,U 1 I- 4 (C 11 () 11 )-('H 

Constitution. — Malt<>s(‘ has been shown ))y Kmil Fiscliei' I d 
Ik- a disaccharidc fornu*d by (he union of two glucose residiii^, 
Tliese are probably united in the foliowine manner; — 

riijOiiMh’ibbDcii 


CUM) CHOH CHOH- Clio- CHOII- ( Oil 


C()iis(‘(piently the molecule has only one free (Xdl .Ltrouj). 

Glucose, Grape Sugar, or Dextrose.— Thi s is one "i 

the sugars found in ^U'eat abiindanee in tlie ve;4(‘ta))le kin_e(l()iii, 
Iti[)e sweet fruits, sucli as ;^ra|>(‘s, jdums, li^s, iVc., contain, in adh 
tinii to fructose, (hevulose) and small (piantities of cane, suoai', laiyc 
<|uantities of ohiccse. It is met with in various other parts ei 
jilants, as the stems of tin*, cereals, and in the llowers of many 
jdants from which be<‘s derive honey, a suijstancc; consistiii;.' 
largely of j^ducost*. It is hmnd in sumll (piantities in the s(.'ed.s ef 
the cereals, smdi as barley, (’ompouiids of j^ducose with nmii'- 
rolls and very dillerent substances are freipiently met with in lli'' 
ve;^n-lablt' kinunlom. These an; called ojiicosides, which, under tin' 
hvdrolysiuL' action of dibit*; acids or en/ymes, readily split up int" 
olucose and their other constituents. 

Preparation. ( diicos*; may he prepareil in si^vend ways, a.s 
for in.-.tanc(‘, by the inversion of cane siioar, ov hy the hydodysis 


i)i staiadi, c<;llulo.se, dextrin, tVe. 

'!'(( .-'eeure i^lneosc in a pure, state, the former of the.s<; metheib 
i.s generally us(;(I. Soxhlet give.s the following directions lor 'T- 
taining crystals of pure glnc(tse. A mixture, maih; with 12 bin’s 
of 90 per cent, alcohol and 480 c.e. of fuming hydr<tchlt|ri'' 
acid, i.s heated to 45 ' C. (113' K), and into this is stirred 2 kil''- 
gr^ime.s of ])Owdered cane sugar, in small jiortions at a tnun) 
care being taken that the h(;at of the mixture never excei’ds 50 < ■ 
(122^ F.). In two hour.s the cane sugar i.s completely invmtcd— 
that is, converted into a mixture of glucose and Imvulose 


CioH-Ai 4 4 CflHrA 

Cant* Btigar. Water. Oluoone. LicvuIobc. 
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When the solution has become cold, a small <iuaniiiy of crystal- 
lised ‘ducose is stirred in, in order to start crystallisation. The 
whole is allowed to remain for twenty-four hours, at the end of 
which time the crystals arc removed, 'washed with 90 jier cent, 
alcohol until free from all traces of liydrochloric acid, washed with 
absolute alcohol, and rccrystallis(*d from pure, methylic alcohol. 
Ill this way crystalline crusts of anhydrous glucose are obtained. 
If these crusts are melted with 12 per cent, of watcu- on the water- 
bath, the glucose crystallises out on cooling. Tiie crystals, after 
reiiioval, are then dried over sulphuric acid ; in this way hydrated 
<ducose which crystallises w'ith oin* molecule of waitm* is oldained, 

On the manufacturing scab', glucose is almost invariably made 
by submitting starch to the hydrolysing action of dilute sulidiuric 
icid assisted by heat. Tlie jirocess is conducted sometimes in 
:t|ieu vessels, at other tinnes in closi'd vessels under pressuno in 
lither case, the apfiaratus is jirovided w'ith some means of heating 
its contents, sucli as a steam-coil, or a steam-pipe jierforated with 
miall holes. The (piantity of acid used per cwt. of starch varies 
with diHerent manufacturers, but is, as a rule, from six to eight 
pounds, and this is mi.\«‘d with from budy to lifty gallons of water. 
Half the quantity of the dilute sulphui'ic acid required for the 
conversion is introduced into the convmting vessid, and steam 
turned on until its eontents hoil. The stareh, intimately iiiixc'd 
witli tlie remaining half of the dilute acid, is now admitted in a 
small stream, and the admission so regidated that the liquid in 
tlni converter never eemses lioiling, hy w'hicli means an (Mpial dis- 
triljutioii of the starch is ensuriMl. The whole is boiled for about 
live hours, and during tin' latter ])art of tliis time tlie solutiiui is 
frequently tested, lirst with ioiliue, and, when this ctmses to give 
a reaction, wdth alcohol. AVheii the aildition of two volumes of 
alcohol to one volume of the cooled solution no longer causes 
turbidity, ilio boiling is eontiinu'd for another half-hour, and tliis 
portion of the operation is then terminated. The solution of 
kIucoso is then run into anotln'r vc.'^sel, and tin' free sul|diuri(‘ 
acid it contains iieutralmed l>y the addition of whiting mixed with 
Water. This latter is added in small portions at a time to prevent 
>c frothingj due to the e.seape of earhon dioxidi' gas, liecomiug 
excessive, or there would be a lo.ss of licpiid hy oveiilowing. ^^’heIl, 
on icing tested with litmus paper, the, liipiid shows only a faint 
iGciction, it is allowed to remain (piieseent until tlie ealciiini sulphate 
ais subsided. The clear liquid is drawn olf from the precipitate, 
tio ^ which adheres to the latter, remuveil by liltr»- 

^ solution is then evaporated hy being pa.'^scd over an 
of an upright refrigerator 
until a concentration of 

- - ... ....vhed. During this process 

^ calcium sulphate separates out, whicli is removed partly by 


1 ! ■ <iuus constructed after the manner 
I steam circulating inside its tubes, 

5b to 60 ner cent, siumr i-o-in 
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suksideiico and partly ])y liltration, after this the sugar solution 
is tiltered through aniiiial charcoal to remove colour and llin 
more or less unpleasant smell and odour which it possesse.s. Tlic 
solution is again subjected to further evaporation in a vacuiiiu 
pan, until it lias a concentration of about 8o [ler cent., when it 
is run into shallow vessels, where, under constant stirring, it is 
allowed to cool. The cooled .semi-.solid mass is then introducol 
into conical moulds holding from 30 to 60 lbs., in which it is 
left to solidify, afterwards it is cut into irregular-sizi'd luinjis hy ;i 
machine in construction very mucli like a hay-chopper. 

(Tlucose obtained in this manner is a .sonu'what hard, opaijiic, 
sweet .sulistance, varying in colour from pure whiti; to brown, 
accoriling to tlie amount of <“are expmided in decolorising it Iiy 
animal charcoal. It has freiiuently a liitter and harsh llavour, 
F, Birneisel gives the following average com[)osition for commercial 
gluco.ses : - 



Prr Cent. 

Glucose 

()S.O 

Dextrin 

12.0 

Asli .... 

0.2 

Water .... 

20.0 


Soxhlot has shown that by increasing tin; amount of liquid to 9 
parts of lialf [)er cent, sidphuric acid for eacli part of starch, ainl 
heating the mixture for lialf-an-hour umh^r a pre.ssurc. of oiw 
atmos[)hcre, a muoh lietter yitdd of glucose can be obtaimvl than 
by the* proce.ss as usually carried out. In tliis manner from 95 1" 
96 p(.‘r cent, of thci tln-on-tical amount of glucosi^ (.-an be ohtaiiiol. 
If thf! solution be evaporate<l in a vacuum to such ii di^gre(M)f coii- 
centration that it has a spia-ilic gravity of 1370 to 1380 (water ■ 
1000) at 90' G., or, Ijeiter still, a gravity of i.^oo to 1420, tin* syrup 
slowly coohal ilown to 30 to 35’ and kept at this tcmpci'a- 
ture until complete solidilicati'm has taken jilace, it is possihlc 
to obtain the glucose as tin* hydrate, (.'|.1I|.,0,; i- ll.,( ), ia 
transparent foian and with a <listinct crystalline strmTiire. 

Characteristics, (^luco.s(^ <-rystalIi>cs from eoncentraled a'l'ic- 
ous .solutions, or from methylie or ethylic alcohol, in tin* anhyhicii'^ 
state, ( ',.llj.,( According as the |)roc(‘ss has taken place (piickly 
(;r slowly, the .sugar crystallises in lim; m*edlc.s or well-ibi'iin‘^1 
prisms, whieh belong to the tridinie .system. Glucose also coin- 
bim?s with water to form the compfuind G,.}!,./),. f- 11 ., () ; the ccin 
Inflation takes ])lae<i slowly ifi tin; <;old, hut quickly if the solution 
he ])(»iled. I’his sugar is very .soluble, in water, easily .sohihlc m 
dilute alcohol, hut dillicidtly .M>luhl(^ in alisolute alcohol. Sohitiorj 
of glucose rotate the polariscMl ray to the right, and (‘onceiitrato 
solutions have proportionally a higher opticity than diluti^ ‘'lU’j. 
Tollens has given the two following fonnulie, the one for hydniF'' 
the other for anhydrou.s gluco.se, hy whieh tlio true opticity ^ 
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solution of any degree of concentration may be found. For 

[a]o = 47-73 -H 0 . 015534 ? + o.ooojSSjP^ 
and for — 

[a]„ = 52.50 4 - 0 . 01 S 796 P -f 0 . 0005 1 6 S 3 P 2 

.«•« "y 

Solutions of glucose show in a marked degree the pbenomenon 
of Inro atmn. in a fre.slily prepare, 1 .solution of gluco.se the optieily 
IS nearly Wee as great a.s when the solution lues stoo.l for .some 
ongth o time Ihe h.rotat.on i.s vauy .p.iekly removed l,y hoilim' 
the solution two m.nute.s’ boiling being sulHcient to eLt 
oliject, or by the addition of a small (luantity of ammonia. 

(xliicose readily eombmos with oxygen, and lienee k able 
reduce the oxules of .several nielal.s to the metidlic form;' whilst 
in the case of some other metals, siieh a.s cornier the lii.rlu v * i 
is reduced to the lower, that i.s, CuO to Cu(r\^f 1 
the methods ^r determining glu(2ose (piantitatively are founded (sec 
\ 'i l>arfoe<l’s solution in the cold ^ 

turc^lf " r ‘lecomposition iit’a tmnpera- 

^o.u.^ which rrvJtalli''!'^'''''''.'''‘‘''''l‘r i'"'';'/'’’ ««'- 

to sqiarate ou/of o -V' "■I'ieh h,.gin 

ttluTOsamie 't"’" "->ter-haUi. 

'» cither hot or cnh'l wat'^ / I 

w« #6, i2/,S';s,,i!:i i" 

for.uula_ci[ oil i din: ns .■xpnesse,! by the following 

’-i^-tmn\:iu 

:( )( )}j > ifc yipWs gluconie acid, CIL,OH'4(CIIOin' 


ox 

Cooip ' * ‘^i^umne, it yieUls gluconie acid, CIL,OH'4(CIIOII) 

r Sugar.-This sugar, asso- 

'■>nlin. a ho,ly 

I ! «■' roaorvo material in 

ll'c 't'’"' ®“t»t»^^nfto,mdfaT‘' one part of neutral cryatal- 

’ »eetio acid. contS/aS V ‘u 

teaming 35 per cent, of anhydrou.s acetic acid, are added. 
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the tubers of certain plants, sucli as tlie dahlia, Jerusalem arti- 
choke, I'irc. This body, on being hydrolysed with a dilute acid, 
yields fructose as starch, under similar circumstances, yields 
glucose. It has been shown that there is no series of inter- 
mediate bodies between inulin and fructose as tliere is between 
starch and gluco.se. As shown by A. AVohV inulin, like cane 
sugar, can b(‘ invertetl with very minute traces of hydrochloric 
acid (o.oi per (‘cnt. of the weight of asli-free inulin). For the 
preparation of crystalline fructose, ^Yohl directs 200 grammes df 
inulin to 1)e introduced into a 500 c.c. llask with 50 c.c. of wain. 
Hydrochloric acid is tlnm atlded, in the case of a saniph' of inulin 
Avhich contains 0.2 of ash, in the proportion of about one-half tie* 
]i(‘reentage of the ash ; when the ash amounts to from 0.2 to 0.4, 
then in a i)roportion of two-tifthsof that ])ercentag(‘. ddie whole is 
heated in boiling water-l)ath h)r half-an-hour,reckon(“d from the time 
the mass begins to soften ; the fna* acid is then neutralisial eillif r 
by calcium carbonate or sodium earboicite, and the ncsidting syrii[i 
]ioured into a litre of warm (commercial) absolute alcohol, a litllc 
blood charcoal laungailded to remove C(d<»ur, and the whole allowed 
to stand for twelve hours, at the end of which time the cheir sidn- 
tion is decanhnl otf from a small <piantity of syruj* whicdi foiaiis. Tic 
(dear lirtuid, after liltration, is evaporaUnl at a gimthi heat under 
reduced pressun* to a thick syrup, and this is mixed with three ei 
four times its Indk of al)solute alcoln.d, allowe<l to stand for twidvc 
hours, and tin* solution decanted. A ci'ysbd of pun^ fruclose is 
then introdu(-e(l into the clear solution to start crystallisatinii, 
which is further promoted by stirring. 

At the end of twenty-four hours pun; aidiydrous friict"sc. 
erpial in weight to one-third of tlui syru]), is d('))osit(Hl. Aflii' 
three days a second croj) forms, and by eoncmitrating tlu^ solution 
by evaporation further (piantities may lx* obtained. 

Fructose may be also obtaiiu'd from invert sugar by taking' 
advantage* of the fact that it forms a eom])aratively insoluldc cl•nl 
pound with calcium hydrate, whilst glucose; forms a soluble one. 

Properties. Fructose, crystallised from an alcoholi<‘ S(duti"n, 
forms a mass of fine brilliant silky crystals, which sometim(;s reach 
a length (J 10 millimetres. Their melting-])oint is 95“ C. lo’ic- 
to.se rotabns the polarised ray strongly to the hdt, hence it-* 
original name, laivulose ; but as it has be(;n found that sugars J 
a similar con.stitiition exist, which are (dther dextro-rotatory 
inactive, it has been propj^sed by Kmil Fischer to discontinue tin' 
name “ Imvulo.sr;,” and mse “fructose” instead.- The opticity 
fructose is in a liigh d(!gre(; dependent on the temtmraturo of ib 
.solution ; for a temperature of 20" C. with a 10 per cent, solution, 


* lUrichte, xxiii. 2107. . t 

^ According to Wiley {Jour. Amer. Chrm. Soc., 1896, p. 81), the; 
fructose at o' C. (32' F.) in [a]„ = - loS"", whilst at 88' C. (190° E) j 
equal to that of glucose, the alteration in the rotatory power being stne j 
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Parcus and Tollens ^ give [a]„ 92“ to 92.5'’. Its reducing power 

is somewhat less tlian that of glucose. According to Soxhlet, 0.05 
.q-iirnme of fructose in a i per cent, solution reduces 9.3 c.c. of 
Kehling’s solution diluted with four volumes of water, whilst, under 
similar conditions, the same (piantity of glucose reduces 10. i c.c. 
of that solution. Fructo.se is completely fermentable by yeast, but 
does not ferment so rapidly as glucose. Treated with [)henylhy- 
di'cizine acetate, it forms gluco.sazone identical with that obtained 
from glucose. Fructose is a ketone sugar, and its constitution may 
l)eexpre.ssedbythofornnda,CH.plI‘3(Cl[{)H)*C()-Cli,,OH. When 
acted on by nascent hydrogen it yields mannitol and sorbitol. Fruc- 
tose is very easily decomjjosed, mere boiling with water efTecting 
its decom})osition, as is evidiuiced by its solution turning brown. 

Cane Sug*ap or Saccharose. - This, the oldest and l)est 

known of the sugars, was originally derived from the sugar-cane 
{ 8 acc/i(iruni dljirindnin)), a native t)f tlni East Indie.s, the juice 
of which contains fnmi 16 to 18 per cent, of sugar. Much sugar 
is now ol)tained from the root of the l)eet {Betn cuhjariti)^ the 
juice of which contains 10 to 1 2 {ku- cent, of sugar, and, l)y careful 
cultivation, this may be incnaised to 16 ))er cent, and upward.s. 
It also occurs in the .sap of many other plants, siich as the sugar 
millet (10 to II j)er c(*nt.), the stem of the maize jdant (7 to 8 
per cent.), and is probably one of the iirst proiiucts of assimilation 
in many }ilants. Cam*, sugar is found along with invert sugar in 
the juice of fruits and in many other parts of plants ; also, as 
shown by Kulinemann, and later by O’Sullivan, it is one of the 
sugans of barley ami malt. 

Properties. - Cane sugar crystallises in colourle.ss anhydrous 
cry.stals, which belong to the monoclinic system, and whicli have 
<'1 specific gravity of 1.58. It is wry solubh* in water ; a saturated 
solution at 15° 0. (60" h'.) contains 66,3 per cent, (of sugar, whilst 
a similar solution at 100" C. (212“ F.) contains 82.5 per cent. It 
IS Very slightly soliil)le in absolute alcohol, more so in dilute 
idcohol, the .solul)ility increasing with tlie dilution of tlie alcohol. 
It is insoluble in etiier. The opticity of cane sugar in a 10 per 
<’ciit. .solution is [a],, + 66.51 ; but is liigher tluiii tliis in solutions 
laore dilute, lower in solutitms more, concentrated tliaii this. For 
soluii()2is between 18 and 69 per cent, tlie following formula may be 
I'sed: -f 66.386 + 0.015035P - o.ooo3986P,in wliichr equals 

p!) sugar in solution. It lias no reducing action on 

dings solution. Cane sugar melts at 160“ C. (320° F.), and, on 
iiig, solidities to an amor|)]ious mas.s, which, after .some time, be- 
crystalline. When heated for some time to 1 76“’ C. (338° F.) 
to ^ glucose and fructose (lmvulo.se). When e.xposod 

‘‘ Uglier temperature, iSo° to 200“ C. (356“ to 392“ F.), the 

“K^thod to the degree of temperature. This property furnishea a valuable 
1 m '.'*j®®timatlng fructose in a mixture of other sugars. 

"crichte, xxiv. 2000. 
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mass becomes first yellow, then brown ; in this latter condition 
it is known as caramel, a substance much used for colouring pur- 
poses. If heated to a still higher temperature, decomposition takes 
place, with evolution of combustible gases and acid vapours, a 
light porous mass of carbon being left behind (sugar-charcoal). 

AVhen cane sugar is exposed to the action of dilute mineral 
acids, it suffers inversion, and is converted into the mixture of 
equal molecules of glucose and fructose known as invert sugar. 
This process is much acceleratctl by heat. Invertase, an enzyme 
found in yeast, has likewise the power of inverting cane sugar; so 
also has the inverting (‘iizyme contained in malt. 

Cane sugar forms compouiuls (saccliarates) with several ])ases, 
such as potassium, strontium, lead, iKrc., all of wliich are decompo.sed 
by carl)onic acid. It does not form a compound with phenyl- 
hydrazine, but when heated in a solution of the acetate of that 
base, it lirst suffers inversion into glucose and fructose, and both 
the.se bodies unite with the phenylhydrazine to form glucosazonc. 

Cane sugar is completely fermentable by yeast, but the feriiUMi- 
tation is not a direct one, the sugar being first split up into glucose 
and fructose by the inverta.se of the yeast. Many bacteria, when 
introduced into cane sugar .solutions, are able to induce peculiar 
fermentation.s, in which such lx)dies as lactic acid, butyric acid, 
mannitol, &c., are produce<l. 

Difference between Beet and Sugar-Cane Sugar. — Sacchaio.se 

derived from the sugar-caTu* i.s, especially after inversion, fre(pieiitly 
u.sed in the l)rewery as a i)artial substitute for malt. There are 
two varieties of cane sugar met with in commerce ; one of thesa 
is derived from the sugar-cane, the other from the beet-root; the 
former of these is the one (exclusively used for brewing pur[)0se.s 
because cane sugar, so employed, is invarialdy used in its raw 
state ; the (’ost of refined sugar would be pndiibitive. Tlu^ im- 
purities of beetroot sugar are of a nauseous character, whilst tho,st' 
of sugar-cane sugar luive an agreeable, full, and luscious llav(.)ur; 
and so much is this the case, that the impurfi (iane sugars are more 
valuable for brewing purposes than the refined, since iha raw 
varieties yield to beer their luscious flavour. If, however, tlu^ cot 
of refined beet-sugar^ would permit of its use in the brewery, there 
could be no objection to its employment there. 

Invert Sugrar. -'rids sugar, which may la; n;garded as a mix- 
ture of glucose and fructose, is found very abundantly in nature; 
forms the chief constituent of hon(;y ; it is also contained in the 
juice of the grape and in many ripe fruits. It arises from the in- 
version of canr; sugar by means of an acid or an enzyme, thus:— 

-}■ II./) = C«Oi/)« -i CrtlliA 

OanenuKar. Olucoao. Knictoae. _ 

I A patent has been taken out by Dr. Wohl, of Berlin, for removing th® 
objectionable constituents of raw Ijectroot sugar by passing a current of 
and steam through this substance when in solution. 
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Preparation. — For this purpose tlie mineral acids are the 
most efficient, hydrochloric acid being the most powerful. As 
pointed out by AVohl,^ a minute trace of this latter acid is, under 
certain conditions, aide to effect the complete inversion of cane 
suc^ar. Thus, when to an 8o per cent, solution of the sugar 0.004 
per cent, J ,7 of a per cent, on the .sugar) of hydrochloric acid is 
iidded, and the whole kept at tlie temperature of boiling water for 
an hour, witli constant stirring, complete inversion takes place, 
and a pure colourle.ss solution of invert sugar is obtained. 

Carbonic acid is able to effect tlie inversion of cane sugar, for 
if a solution of this sugar bo saturated with carbonic acid, inver- 
sion slowly tak(!S place ; but if the action is assisted by heat 
and pressure, complete inversion results in from twenty to thirty 
minutes. 

Properties. — Invert sugar is met with as a thick syrup, from 
which, after a time, crystals of glucose separate. As invert sugar 
contains half its weight of fructo.se, which, at ordinary tempera- 
tures, is more pow’erfully laevo-rotatory than an equal quantity of 
glucose is dextro-rotatory, it also is Imvo-rotatory. The opticity of 
a solution of invert sugar is much aflected by heat; when. such 
a solution is gradually heated its opticity gradually dimini.shes, 
until, when a teniperature of 87.2° C. is reached, the opticity 
is 0“ ; if the solution is heated .still further, the opticity becomes 
right-handed. Tuchschmid has given the following formula for 
a.scertaining the opticity of a .solution of invert sugar of any tem- 
perature : — 

[a]„ -(27.9 - 0.32O 


Its opticity is also influenced by the concentration of the solution, 
and for the correction of this O. Gubbe has given the following 
formula : — 

[a]„ r - 23.305 f 0.01612.7 + 0.00022391.7 


in which q denotes the amount of water in the solution, therefore 
100 -q denotes the amount of invert sugar. 

The glucose constituent of freshly made invert sugar, when 
^ le latter is prepared by invertaso, exhibits the phenomenon of 


The reducing action of invert sugar on Folding’s solution is 
no so great as that of glucose ; when that solution is diluted with 
^nir times its volume of water, 0.05 gramme of invert sugar in 
1 per cent, solution reduces 0.7 c.c. of Fehling’s solution. Its 
IS given as 96.6. 

Heated with phenylhydrazine acetate it yields glucosazone. 
iihle (when pure) is completely and directly ferment- 

) yeast. Its glucose portion, however, ferments much more 


Bcrichtty xxiii. 2084. 
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rapidly than the fructose one, as may be seen from the following 
table : — 


Time. 

(tlucose. 

Fruotose. 

Difference 

Milligramni 


Millij;ramiiU‘.s 

MillitframmeH 



pt*r nx 3 c.«*. 

per c-.c. 



Ffimeiitcd. 

Ffiinented. 


After 20 hours 

557 

279 

27S 

After 40 hours 

968 

532 

43 <> 

After 64 hours 

1196 

721 

, 475 

After S6 hour.s 

1392 

942 

450 

After loS liours 

1616 

1194 

422 

After 130 hours 

1796 

1423 

373 

After 1 58 hours 

1970 

17O7 

' 203 


This (litlerence in th<‘ fernuMitability of the two sii<giirs has l)(}on attri- 
buted by Hourquelot to the dillerence in their dilfusive powers. 

RafRnOSe. — This suifar )j,3 + is found in a 

small quantity in beet-roots, and also, as slunvii by O’Sullivan, in 
barley. It crystallises in small ne»*dle.s or prisms, i.s easily solultlt* 
in water, slightly so in alcohol, and only j)os.ses.ses a faint swert 
taste. Its ()[)ticity is [a]„ 4- 104.5, ami, like eam^ sn<.far, it has 110 
reducin^^ action on Fehlin.^’s solution. When heated for a sliuit 
time with a dilute acid, it is split up into equal molecules of 
fructos(‘ and of a dissacchaihh* i.sonicric; with milk-sugar callol 
“ mcdibiose.” This latter sugar, on prolonged treatment with :i 
dilute acid, splits up into galacto.se and glucoses in etjual moh'diles.^ 
Thesi! reactions show that raflinose is a trisaccharide, that is, it> 
molecule contains three C,. grou|)s ; the glucose and galactose resi- 
dues l)eing \initfd in a similar manner to that in which th(;y coin- 
bine to form milk-stigar, whilst the fructose* residue is pro])ahly 
attached in some similar manm-r to that in which it is united with 
glucose in cane sugar. On fermentation niflinose behav(\s dillcr- 
ently with the various yeasts; soim*, are able to hydrolyse aiel 
ferment it completely, otliersonly to partially invert it to m(‘lihie>‘^' 
and fructose, the latter .sugar be.ing alone fermented. 

a.- and ^I-Amylan. — 'rhesf? bodies were found by O’Sullivan 
in barley, wlieat, and rye. Barley contains about 2 per c(Mit. cf 
a-amylan and about 0.3 }»er cent, of /i-amylan. They weic eh- 
taine(l by extracting barley, hist with alcohol, then with water. 
The aqueous .solution was concentrated by evaporation, and streiiit 
alcohol added, whi<di precipitated the two bodies. The pi’v'i' 
pitate was then treated with cold water ; this dissolved out the 
/i-amylan and left the a-amylan. The latter was aftcrwaius 
dissolved in dilute hydrochloric acid, and j)recipitated therefrom 


^ Scheibler and Mittelmeier. Ikrichte, xxii. p. 1678 and 
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by alcohol. Both are laevo-rotatory, and have the following 
opticities : — ^ 

a- Amy Ian fali = - 21“ 

^•Amylan [a]j = - 

Oil being hydrolysed witli dilute acids they are said to he con- 
verted into glucose. 

Gum. Lintner ^ has isolated from beer, and also from barley 
and malt, a gum very similar to that which can he extracted from 
wood by a dilute solution of caustic alkali, and which is name.l 
‘‘xylan.’ It is also found in straw, bran, and brewers’ grains 
I ho gum was isolated from beer by treatment with dilute caustic 
:dkali and cupric sulphate, the latter combining with the <rxmx to 
form an insoluble precipitate. When obtained in the pure state 
tlic gum forms a loose white powder, which is slowly .soluble in 
CO <1 water, but quickly soluble in hot. It docs not, hJwever, form 
a true solution, but the partich's are merely finely su.spendcd in 
«io water Kvmi ddut,. solutions are very vi.scous, ami filter 
11 1 great difhculty. Ihe gum is dextro-rotatory, does not reduce 
lohlmgs solution, and is precipitated by lead acetate. Like manv 
m ier gums, it gives a cherry-red colour with phlorogliiciii and 
ijdrochloric acid, also a bluish-green colour with orcin and livdro- 

A r '•‘‘>»"i>«trated by iliese 

le. gents. As .shown by Lintner and Diill,^ it may be regarded as 

bit^ acid it is resolved 

g.il.ictoso and xylose. I'.vulently it is formed by the union 
of a molecule of galactose with a molecule of the pentaglucose 
.sugar xylose, with the elimination of a molecule of water, tlius:^ 


••alactoso. 


C„n.,„0,., 

(Jalacttixylnn. 


the /Iran).— One of the peculiar luoperties of 

ield a hoJrr""-'" ‘ ‘'‘«y 

«m. entlv ^1 '“"’"F “fxrfural.s Con- 

acnl, fmfurd ‘k 'w'l*^** ."’ith dilute hydrochloric 

- invariably formed. It is also formed to a slight 

MaHzcr Kalendar, ,890-91, ii. p. 121. 

y iw T”' p. 538. 

nra IS an oily liquid of an aldehydic nature, which boils at 160° C 
HC-HC 

the constitution HO HC-CHO. from which the' respective alcohol 

wefJht^f^^* 1 '^^‘^«^«^tained by distilling a mixture of bran 

gives a L,, i 1 three v.tinmes of water. 

" 'th Phen^ydraz^ne acetate, and when treated 

yarazine acetate yields furfural phenyl hydrazone. 
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extent during the process of mashing. The free acids of the 
niasli first invert the galactoxylan, and then act on the xylose to 
form furfural. Furfural can be detected in beer and in distilled 
spirits, notably in brandy. 

Pectin. — This is a substance nearly allied to the gums; it 
occurs in ripe juicy fruits, such as apples, pears, i^c., also'^in roots 
such as turnips, carrots, kScc. If the juice of any of these siil)’ 
stances be boiled to remove tlie coagulable albuminoids, filtered, 
and alcohol and hydrochloric acid added, a jelly-like precipitate of 
pectin falls. The formula of this body is as given 

b}^ Fremy, who looks upon it as a transformation product of 
another body contained in unripe fruits named “ pectoso.’’ An 
enzyme, pectase, is said to ellect this transformation. Ulliek 
has isolated substances of this nature from beer by rendering it 
strongly alkaline with caustic soda solution. A precipitate fonns, 
which rnay be separated into two portions by treatment with 
dilute hydrochloric acid. The portion soluble in hydrochloric 
acid is j)recipitated l)y tin? addition of a large (juantity of id)solat(> 
alcohol t<» the acid solution, tluj precipitate washed with alcoliol. 
and purified by beitig dissolved several times in water and re- 
preci])ibited therefrom by alcohol. In this way a white lio.ly 
is obtained, .soluble in cold water, and having an optieity of 
[«];, = 113. The |)ortion difficultly soluble in hydrochloric acid 
is washed with cold water and dissolved in boiling water. A 
strongly coloured solution is obtained in this way, which, on being 
decolorised W'ith sul[»hurous acid, yields a precij)itate, wliicli, 
when again dis.solved in \vater, has an o])ticity of [«]„■“ -i- 2iS8'. 
Another pectinous body with an optieity of [a]„= -i- 36’ still 
riumiins in the sulphurous acid .solution. Similar substtinces lutvc 
been found in apples, sugar beet roots, and ordinary beet roots. 
Tlies(i bodies possess in a high degree the property of yieMiiig 
vi.scous .solutioms, and, as the. j)alate-fulne.ss of a beer is dciM-ii- 
dent up to a certain point on vi.scosity, th(‘ pectinous bodies iiiiist 
contribub' in .some degree to its palate-fulne.ss. 

The Fatty Constituents of Barley. — ^fany seeds, such 

linseed, ra{)e-seeil, ca.stor-oil .sce<l.s, Ac., contain as a reserve mateiinl 
large quantities of oil, and in no seed is oil or fat entirely absent. 
Barley contains about 2.5 per cent., rye about 2.0 per cent., Avliilst 
linseed contains 37 per cent, and rape-seed 45 per cent. Most lid'’ 
are compounds of glyceryl and several of the fatty acids, Ixdiig. in 
fact, esters or compound ethers. Thus stearic acid combined with 
glyceryl forrn.s stearin ; palmitic acid, jialmitin ; and ohde iwi'h 
olein. When any one of the.se bodies is subjected to the action of n 
cau.stic alkali, this combine.s with the fatty acid and glyceryl i'’ 
liberated, which combines with the IIO groups of the caustic idkali 
to form glycerol ; thu.s : — 

(CirH.'is'COOlaCaHft -f 3nONa = 3Ci7H35COONa + Calldb^ 
SteaHn. Caustic ikk 1«. Hrjdlum stearate. Oly en'I. 
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Such a process is called “saponification,” and on it is based the 
manufacture of soap. 

The fat of barley can be readily obtained from the ground 
corn by extraction -with ether. On removal of the ether by 
evaporation, a yellowish-brown lim])id oil is left behind, which 
possesses an agreeable odour; but this is soon lost and replaced 
by an offensive one, if the oil is allowed to remain in contact 
with the air. On standing, the barley-oil separates into two 
nearly equal portions; one of these is fluid at the ordinary tem- 
perature, whilst the other solidifies to a mass of crystals. The 
composition of barley-fat has been investigated by a number of 
observers. Kiinig and Kieson found it to contaiii olein, stearin, 
and palmitin, and also oleic, stearic, and i^almitic acids. Lintner, 
senior, has shown that it contains cholesterol, a monatomic alcohol 
of the composition C._,^H^,j(OU), which is a normal constituent 
of animal bile. It is an un.saponilia 1 )le body, in no way allied to 
the ordinary fats. It is fatty in a])pearance, insoluble in water, 
tasteless and odourless. It dissolves readily in boiling alcohol, 
in ether or chloroform, and is deposited from boiling alcohol, 
on cooling, as beautiful white scales, which have a lustre like 
mother-of-pearl. Cholesterol melts at 137’ C., and sublimes at 
200 C. A. tStellwag has detected the presence in barley-oil 
of lecithin, a body containing pho.sphorus, and which has tlie 
following composition, According to this observer, 

the composition of barley- oil is as follows 

Per Cent. 

Free fatty acids .... 13.62 

Neutral fat 77,78 

Lecithin ,1,24 

Cliolestcrin 6,oS 

I. Beckmann found that on distilling brewers’ grains with 
f 1 ute sulphuric acid a volatile fatty acid jnisses over with the 
steam, and is found as a white substance floating on the water in 
tlie receiver. He named it “hordcie acid.” It is insoluble in 
ei, but readily dissolves in alcohol or ether; it crystallises 

lom this latter solvent in irregular scales, which are unaltered 
exposure to the air. 
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of substances occurring in the animal ami 
matter ^ “h which are eminently associated with living 
often ’ under the term “Proteids,” or, as they are 

<^lement« “Albuminoids.” These bodies contain the 

oxver^* sulphur, ill addition to carbon, hydrogen, 

fo eleineT ^ different proteids liave often been submitted 
^tary analysis but the results obtained by different 
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observers, wlien analysing what was presumably the same sub- 
stance, have not, until recently, been very concordant. This has 
arisen from the difficulty whicli existed of ol)taining the different 
members of the proteid group in a state of purity ; it is only 
within comparatively recent times that this has been accomplished 
with any degree of success. 

Reactions of the Proteids. — These bodies give the follow- 
ing characteristic reactions, which may be readily obtained with ii 
solution of egg-albumin, made by mixing a small quantity of white 
of egg, which contains al>out 12 })or cent, of alhumiii, with water 
and filtering the solution. 

Prenpitation hy Nitric Aciit . — AVhen strong nitric acid i< 
added to the aqueous .solution of any of the ])roteids, a white 
preci{)itate forms, which turns yellow on heating the Ihpiid. The 
addition of ammonia to the mixture after it has hccomo cold 
causes the yellow precipitate to become orange; coloured. 

Biuret Reaction , — Uii a<lding a f(!W dr(q)s of a very dilutf 
solution of cupric sulphate to the aqueous solution of a proteid, 
and afterwards a few droj)s of a strong solution of caustic sodii, 
a colour is developed which varies with the different classes of 
protei<l. The albumins give a violet colour ; tin; proteoses, :i 
reddish-violet; the p(q>toiies, a rose-red. 

Millo7i\'i Reayent. — This, wdiich is a solution of mercuric nitrate 
in nitric acid, yield.^, with j)rotei«ls, a white precipitate which 
becomes reddish on boiling tlu; ilnid. 


Evotution of Aunnonia. — The j>n»t(‘ids when strongly li(‘Mtcd 
evolve aniiiionia, ])roduced under the destructive action of luat. 
The ammonia may he recogniscsi hy its changing the colour ef a 
piece of moist litmus paj)er from re<l to ])lue. A smell resenihliiig 
that of burnt hair is Jilso given off during the heating ])rocess. 

F(jrhioii()U of Cyajiitlcf*, — The ])roteids, when heated with 
metallic; sodium, yiedd .soilium cyanide. Tl)e presence; of this 
compound can he detected hy extracting the mass with water, 
adding a fenv drops of a soluticui of ferrous sulphate containing' 
little; fcirie; sulphate*, and dige;sting for a short time. On the 
additieui of hydrochhuie; ae-id a blue* or l)luish-green colour is in'cc 
duced if j>roteids arc present. 

Molecular Constitution of the Proteids.— As to the 

nature e>f ilie molecular constitution e»f tin; proteids we arc still 
in the dark. IJndou])tf‘elly the [)roteid molecule is a very lar^e 
one, and, although .some insight has been ol)taineel as to the nature 
of the differejit molecular groups which combine to form tl^ 
largo complex molecule of the prot<3id, yet wn; know comparative!) 
little as to how the.se groups arc actually eombined with 
another. In the determination of the size of the proteid me>e 
cule, as the cryoscopic method is inrip[)licable, advantage has hoeu 
taken of certain metallic compounds whicli the protciils 
For instance, in the compound of egg-albumin with copi>er it 
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been found that C204H,,22N52Oe6S2 combine with one atom of 
copper. From the maj,niesium, sodium, and calcium compounds, 
which have been obtained with the crystalloid globulins obtained 
from various seeds, the formula has been deduced. 

Whether thes?o values are true or only approximative, they serve 
to show that the proteid molecule is a very large one. 

Effects of Hydrolysis on the Proteids.— When proteids 
are submitted to the action of certain hydrolysing agents, such as 
superheated steam, dilute mineral acids, caustic alkalies, or the 
enzyme trypsin, the large proteid molecule becomes finally split 
up into much smaller and less complex molecules ; and it is from 
the study of these fragments, as it were, that we have obtaineil 
some little knowledge as bj wliat is the nature of the molecular 
groups which enter into the composition of the proteids. Py the 
action of boiling hydrochloric mnd, to whi(*h a litth; stannous 
chloride has been added, which combination pos.sessesan extremely 
powerful hydrolysing action, the proteid molecule can be broken 
down into comparativedy small tlecom position pnalucts, such as 
leucine, tyrosine, as|iartic. a(dd, glutamic^ acid, gluco-protein, lysin, 
and lysatine. When barium hydroxide is used as the hydrolysing 
agent, in addition to the formation of the before-mentioned pro- 
ducts, much ammonia and carbon <lioxid(^ are evolved ; and these 
gases are given off in the proportion of (Uie molecule of water 

and one of urea, f HjO - COj -t- 2NH;,. When proteids are 

acted upon by certain enzymes, the splitting-up i)roc(‘ss does not 
extend nearly so far as this. The molecules of the bodies pro- 
duced are much nearer in .size to that of tln‘ origimd proteid 
molecule. Of such a nature are the prote<.ises and peptones. 

The Various Members of the Proteid Groups.—It 

has been found possible to isolate the proteids from the substances 
with which they are associated, and to ellect a fairly complete 
separation of the various members of the proteid groups from one 
another, by taking advantage of the varying .solvent powers which 
different .saline .solutions oxerei.se uj)oii them, and also of the pro- 
perty po.sses.s(Hi by certain salts of tlirowing out of solution certain 
meinhers of the group when the solution is saturated with the 
particular salt. Tliis latter proce.ss i.s technically known as “salt- 
ing out,” and by the employment of this method we are able to 
divide the various jdant proteids into the. following groups : — 
Albumins. — Soluble in water, coagulated by licat. 

Globulins. — (a.) Vitellins. — Insoluble in pure water, soluble 
uilute saline solutions, coagulahle in greater part by heat. (/;.) 
yosins.^ — Insoluble in pure w'a ter, soluble in dilute saline solutions, 
precipitated on saturation of the solution with sodium chloride, 
c^)agulablo by heat. 

1 Mid Hordein. — Slightly soluble in w'ater, readily 

in 70 per cent, alcohol. 
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Glutenill. — Slightly soluble in hot ^vator aiul hot alcohol, 
soluble in o. i per cent, solution of caustic j)Otash, and in 0.2 per 
cent. hy<lrochloiic acid, insoluble iu saline solutions. 

All these bodies, with the exeeidion <»f the globulins, are 
obtained in an amorphous condition, in which state they ].rol)al)ly 
exist in the idant. Many of the globulins have l)een obtained in 
a crystalloid form, and to some extent at least they exist in this 
condition in some secals. Crystallonl probdds can be nNxdily 
observed in the P»razil-nut and in the seed of the castor-oil j)laiit. 
Cube-shaped proteid crystalloids occur in the potato, and may 
readily be seen by ])laeing under the iuii‘ro.sco[)e a portion of the 
layer which is situated imimaliately below the skin of a boiled 
potato. If the starch cadis are treated with iodine, the ])roteid 
crystals, sinct* they art* only staiimd yellow, can be laaidily dis- 
tinguished from the Idm* star(di grains. 

Th© Proteoses, d'ho^* l)odi«*s are derived from tlu‘ proteids 
by hydrolysis, and are also (diaracterisod by their behavi»)ur when 
their acpieous solutions ar(‘ saturated with eortain salts. Thus a 
shar[) distinction can l>e <lrawn in this way het wecui the proteostcs 
ami tin? prptones, for if an atpioons .'■iohilion of these two bodies 
is saturated witli ammonium sulphate, tin* former are jneeipitated, 
the latter re'Uiains in snhuioii. l>y taking ailvantag<‘ of siniihu* 
proj)erti*"'s, tin* grou[» of tin* prot(*os<‘s, as will he seen further on 
([)age 166), can he separated into three nn‘mhers, proto-prote(»se, 
(hmtero-proteose, hetero-proteos<*, vVe. 

The Proteids of Barley. -Hitherto tin s*? bodi( s imve lo- 

eeive<l but scant att<*iition on tin* part of «*ln*mists, the ]U*oteids 
of wheat having nnicli more frequently fonin*<l tin? Huhj(‘et of 
ehernical investigation. .Mulder* fouinl that harh*y C(-)ntaiin*d 6 
l)er cent, of albumin ainl jdaiit gelatin : ho (ddaineil the latter hv 
extracting harl(*y-meal with ln»t alcohol. Von I>il)ra - (*onsi<iereil 
that the prot**id eon.stittn*nts of h.ulny wer** albumin, plant gelatin, 
and casein, hut gav** no parli»*ulars <*oin*erning tln*se substances. 
Knuisb r found that tin? a*pn*ous extract *>f grruiinl barley con- 
tainc'l an alltuiniii whieh coagulated oii boiling, and that hot 75 
per cent, alcohol di'Solved ;i siibslain*** whi« ]M‘oulil lx* suhsccpiently 
sepaiated into thn*e j)rol**i<ls, glut<*inca.sein, glutendihrin, and 
mucf'din, whi(h were supp«».se<l to he identical with tin* bodies, 
having tin? same iianns, that, with another bo<ly, gliadin, Kit 
thauseii ' ha<l i.s<jlate(l from wh<*at. 

Isolation of the Proteids of Barley. — An clahnrate scrii’s of 
investigations (ni the jirot*'i«ls of vari<»us gr.ain.s ainl seo*l.s have 
been made flnriiig tie* last ff‘w y«*ar.s by T. K. ( )sborne,^ and wc 
are iii<lebte(l to him for mneli valuable inff)riiiatioii ns to tlio 

^ PhynioJ. Ckrrn,, i. 306. 

■ ])le (iHrddrartfn, ,{r., p. 204, 

* Die KiweiHukitrpfr, 

* Report of the Connecticut Agricultnrnl Experiment Stati«)n, 189.^ 
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nature aiui properties of tlie proteids occurring in these substances. 
The general methods of procedure employed will be ])rietly 
described, taking for this purpose lus investigations into tlie 
proteids of the Ijarlcycorn. 

Sf’paration. of the Alhunin or Leurodn. — A large (piantity (d 
barley, say six or seven poumls, is ground into line meal and 
extracted witli lo per cent, solution of sodium cldoride. This 
dissolves out the albumin, globulin, and the proteose. If an 
attempt is mad(! to dissolve out the albumin witli water and leave 
th»* globulin ])ehin(l, it does not succeed, for there are always a 
certain amount of soluble salts jiresent in barlo}' or other cereals, 
which dissolve in tin* water (Mnploye<l, and yield a dilute saline 
solution ca[)able of dissolving the glolmlin. Tln^ salt solution thus 
obtained is next saturattirl with animonimn sulphate ; this jireeipi- 
tates all the [>roteids in solution, d’hese, after being filtered ofl’, 
are again dissolved in lo p«‘r cent, salt (Nat’l), the solution 
lilt(‘red and dialysed for sevcwal days, when the whole of the 
glohulin is precipitated. »Sinee this IkmIv is insoluble in }>ure 
water, it is pr(‘eii)itated when the salt has bt*en removed frfun the 
solution hy dialysis. 'I'he preci[»itate<l ghtbulin is then collected 
on a filter, and the eh*ar liltrate gradually heated to 65^ C. 
(149’ F.), whi(;h has the elle<*t of coagidating and precipitating the 
all)uiuin. The [)recipitated allnimin is mnv filtert'd out, wusIkhI 
witli warm water, alcohol, and «*ther, and dried over suljihuric 
aciil. 

Si'pciration of the (.i'/olni/i?i or Kdediu. — The separation of the 
globulin is sotmtwhat dillicadt, since tlu‘ salt solution extracts a 
larg(! amount of gum along with it; and this dillienlty is increased 
hy tin; readiness with which globulin passes into an insolubh^ con- 
dition, It was ju’epared in as juire a state as jiossilile by dissolving 
the globulin, obtained in the above inentione<l manner, in a 10 per 
cent, salt solution, and again dialysing ; the operations of solution 
and dialysation being repeated a second time. T’he proteid then 
separated in tln^ form of small spheroids, W'hi(di wert* liltered otV, 
washed with watiu’, alcohol, and ether, and dried over sulphuric 
acid. The puritie<l substance, when dissolved in a 10 per cent, 
salt solution and gradually heated, bec'ame turbid at 90° (\ 
(194^ F.), Tnit no coagulum actually formed until the solution 
actually lioiled, ami «'ven then only a small portion of the sul>- 
staiice was precipitated. 

Separation (f the liorilcin, — In the lirst »‘xperiments on the iso- 
lation of this substanct' barley-meal was emtdoy(*d, but as this was 
h'und to yield a large (juantity «)f i'olouring matter, grouml j^earl- 
harley — tliat is, barley from which the husk has l)e(‘n remov('d — 
^vas employed. From a (|uantity of this the bodies removable by 
a TO per cent, solution Avere lirst extracted, and then sutlicient 
alcohol added to the, ground pearl-l)arley, while still wet with salt 
solution, to form with the waiter retained by the meal alcohol of 
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75 per cent. After tliis extract had been removed from the meal, 
another extraction was made with 75 per cent, alcohol. The two 
extracts were united, filtered, and concentrated to about a third of 
their bulk by evaporation on the water-batli. The proteid, wliich 
separated out as a plastic imiss, was, after decanting off the super- 
natant fluid, macerated with distilled water, this ]Kjured oil’, and 
the hordein dissolved in 75 per cent, alcohol. Tlie solution of 
the proteid thus obtained was junired into a quantity of distilled 
water, when the substance in solution separated. After removal 
of the water, the precipitated prot«*id was again dissolved in 75 
per cent, alcohol, and the sohition poured into a large quantity of 
absolute alcohol. The j>rot(‘id did not separate, even after the 
addition of ether in considerable (piantity, owing to the entire, 
absence of mineral salts, tliese having been completely nunovial 
by the jirevioiis treatment. The addition of a little sodium chlo- 
rid(! sohition caused its immediate i>reci[)itat ion, the alcohol and 
ether retaining any fat which had l)e(‘n extractinl along with the 
proteid. The pret:ipitated honlein was tlien tnaited with succes- 
sive portions of absolute alcohol and dried over suljdiurie acid. 
Obtained in this w.iy, it is a snow-white granular substance, wdiich. 
when completely free from alcoliol, is almost insoluhh‘ in cold water, 
slightly soluble in hot. Hot aqueous .solutions do not yiidda jirecipi- 
tate on cooling, nor do they c<»agulate on boiling, though they yield 
precij)itates, not inconsiderable in amount, on tlie addition of salt. 

hen hordein is dis.solved in strong hydrochloric acid, it gives 
a beautiful crimson solution. When di.s.solv<'d in a mixture of 
water and sulpliuric acid in equal volunie.s, its solution ha.s a red 
colour; a similar sohition of wlieat gliadin lias a jmrple-red colour. 

Profcid in UV/A /*, in Snh'ne SolntiuUy and in Alcohol. 

Ihe quantity of this suhstunci? i-ontained in barley-meal was asc(U‘- 
tained by e.stimating the amount of nitrogen the meal contained 
after having been extractiMl with .salt solution and alcohol ; this 
<piantity was then multiplied by the factor 5.9, on the assump- 
tion that the proteid substanci* contained 17 ])er lauit. of nitrogen. 
Attempts to dissolve out the proteid witii a weak solution of 
caustic; pota.di rccsulted in failure. The previous trruitment to 
which the barley-tloiir had been subje(;te<l ap))arently had rendert'd 
it almost imsoluble, and the small amount which did dis.solvc was 
so much contaminated with gum that its furth(*r purification wa.s 
impo.s.sible. Barley contains the.se variou.s proteid bodie.s in about 
the following proporti«»ns : — 


Leucosin (albumin) 

I’er (*ent. 

0. ^0 

Proteose .... 

Edestin (globulin) 

: i *-95 

Hordein .... 

Insoluble proteid . 

4.00 

4.50 

Total 

10.75 
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Average Percentage Composition of the Proteids of Barley. 

These are the means of a large number of analyses : — 



Carbon. 

Hydrogen, j 

Nitrogen. 

Sulpluir. 

Oxygen. 

Leucosin 

52.81 

6.78 

16.62 

1.47 

; 22.32 i 

Edestin . 

50.88 

6.65 

18.10 

24.37 

Hordein . 

54-29 

6.80 

17.21 ! 

0.83 

j 20.87 


Insoluble proteid . j rnknown. 


GlutOn Group. — it has lung been known that, on knciiding 
the dough of wheat-nonr under a .stream of water, a tough, co- 
herent, elastic ina.s.s is left behind, which can be }»\dlod out into 
strings. This i.s the. gluten, or the body wliich gives the coherent 
cliaracter to the dougli made from wheat-Hour, and the presence 
of which confers on that (lour the property of yielding a light 
l)orous bread. CJluteii cannot be obtained in tliis way from tlio 
meal of any other grain. It lias bc'eii the .subject of much iuvo.sti- 
gation. Einhof ' in 1805 discovered that a certain portion of the 
]>rotoid matter of wlieat could be extracted with hot alcohol, and 
this he considered to Vh* i<lentical with gluten. Various other ob- 
servers worked in the .sann* direction, notably Ritthausen,- wlio was 
able by fractionation to diirerentiato the .sulistance.s extracted from 
wheat-liour with alcohol into tlirce bodies gluten-fibrin, gliadin, 
ami mueediii, and a fourth, gluten-casein, whiidi was insoluble in 
alcohol, lint soluble in dilute alkalim*. .soluliou.s. He considered 
tliat thc.se four bodies (*onstiluted the gluten of wlumt, and that it 
was the gliadin whieh formed tin? binding material. This body 
was fcjuiul to lie ab.sent in the Hour of tlio.se grains which left no 
gluten ])ehind on washing. 

Weyl and Bischolf'^ have Ikmui led to the supposition that 
these bodies did not exist as sucli in the seed, but that the pro- 
teids of the wlieat and other grains consisted ehietly of a globulin 
substance, which, when the flour was moistened for the purpose 
of extraction, was eoiivertc<l into the gluten bodies tlirougli the 
agency of an enzyme. Osborne and Vorliees,'* in an exhaustive 
examination of the jiroteids of wdieat, liave come to the conclusion 
that this i.s not the case, hut that tlie gluten bodies exist ready 
formed, though their number is not so large as liad been hitherto 
supposed, there being hut two, gliadin and glutenin. Ritthausen 
(?.c.) considered that there were tliree bodies belonging to the gluten 

^ Jentrn, d. Chemie von GcMen^ v. 131. 

Die £iweia»korpei'. * Benchtfy xiii. 367. 

^ American Chemical Journal, xv. 392. 
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group in barley, viz., gluten- fibrin, gluten-casein, and niucedin. 
Osborne, as wc have previously mentioned, iinds that there are 
only two : hordein, whieh is ayiiiarently identieal with tlie sub- 
stance called niucedin by Kitthaiisen, but which has almost 
the same physical and chemical properties as the gliadin 
obtained from wheat, thoii^di it ditfers from it in composition ; 
the second is the insoluble proteid which it was found impossilile 
to isolate. 

The Proteids of Maize.— This com is now so extensively 
usetl for brewin'^ purposes that a knowledge of its proteid consti- 
tuents is a matter of interest and importanct'. Tlie maize corn 
was sulijected to an exhaustive examination by Cliittcnden aiul 
Osborne in 1891 and 1892, who found tliat it contaiiUMl tliri'e 
olobuliiis, oiu* or more albumins, and a jiroteid soluble in alcohol. 
Direct extraction with water dissolved out a myosin like ^dobiilin, 
l)ut owiii/^^ to the presence of s(*lubh* salts in tin* maizt', the solvent 
was in rmlity a dilute saline solution. Further extraction willi a 
10 per cent/salt solution extracted a vitcllin-like jjlobulin. The 
third ololiulin was characterised liy its (‘xtnune .solubility in very 
dilute sulutions of various salts, and espiM.-ially of ])hosphat(‘s and 
sulphates. The first of these globulins, when ilissolved in a 10 
jier cent. si.Hlium chloride solution, coagulated at about 60" ('. 
(140" F.) ; the second, when dissolve<l in a similar solution, hardly 
coagulatc-(l at all under the action of heat, but was precipitated on 
the addition of aceti<.’ acid: the third ghdiulin coagulated in a 10 
per cent, salt solution at about 62" C. (144 !'•)• prolonged 

contact with water these globulins were gradually converted into 
insoliilile modifications, a}>parently albuminates. Water also ex- 
tracts fmm maize two aroumindike bodios, the first of which, when 
its .solution is gradually heateil, separates at b(*tw(-iui 60' and 70' 
(lyo" and 158" F.); a portion of the secoml sejiaratfcs when tie* 
tiui<l boils, but tin; whole of this proteid could ind be removed in 
this way, probably because it bei aiue transformed into nll»ijmo.>e. 
Tlie only representativt; of tin* gluton group found in maize was a 
bo<lv termed ‘‘maize-filuan ” or “/ein.” d'bi.s sidt.stain*e is extremely 
.soluble in 75 jier cont. aleobol. but is inodubh; in c*itln‘r watei', 
saline, solutions, or dilute alkaline solutions. 

The Proteids of Malt. 'I'lie proteids of liarley undergo 
considei-able modifieation during tin; proress of malting ; a large 
portion wbi<*b are insoliibh* in watm* become soluVih* after the 
liarley has geiinin-ited. 'I'his aiDes chiefly from tin; breaking 
down of the proteid.s into proteo.ses hy the action r»f soim‘ [)roteo- 
lytic enzyme to some (;xt<;nt anah>gous to pepsin, sinee. it sei'ius to 
aet best in a slightly acid solution, hut msendiling trypsin in its 
ability io degrade tbe proteids to a furtlnu* stage than pepsin can. 

The jiroteids rT malt have been reemitly submitted to an ex- 
haustive inve.stigatioji by Osborne and Campbell. ‘ lly emidoying 
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processes similar to those which they had used in tlie examiiiii- 
tioii of the proteid matters of Imrley, they obtained tlie following 
bodies : — 

Bynedestin. — A globulin, soluble in very dilute saline solutions, 
and therefore passing into the a(jiieous extract of malt, which is in 
reality a weak solution of the salts contained in tlie malt. It 
appears to replace the original etlestin of the. barley, from which 
it differs somewhat in ftomi>osition, since bynedestin contains fiboiit 
2 per cent, more earl)on and 3 per cent, less nitrog(‘n. It has the 
following penamtage eomj>osition: -Carbon, 53. 19; hydrogen, 6.69 ; 
nitrogen, 15.68; sul]ihnr, [.25; oxyg<‘n, 23.19, 

Leucosin. — Identical in eomposiiion and [)roperties with the 
albumin of the .same name < <)ntained in barley. 

Protoproteose I. has tln^ sanm com})osition as leucosin, from 
which it is im[)o.ssible t«> elfect a eomph*le separatiiui, 1'lie pro 
tcose is precipitate<l fiom its a<pieous .solution by adding (in eipnd 
weight of alcohol. 

Protoproteose II Le^s ncidily precipital>le than Xo, I. by 
al(.‘ohol. It has the following com[)osition : — ('arlxtn, 50.63 ; 
hydrogen, 6.67; nitn'geii, 16.69; sulphur and oxygen, 26,01. 
It difT(.*r.s, therefon*, eon.'^iileiably in composition fidiii Xo. 1. 

Deuteroproteose.- A bo<ly which could not be .<e|.araled from 
non-protei<l imjmrities. 

Heteroproteose. -A sul (stance found in extremely small 
amount. 

ByniU.— Insoluble in water <(r saline .s<(lulions, but readily 
solulde in dilute alcohol, it has the f<(ll<»wing coinj'o.sition : — 
Carbon, 55.03 ; hydr<(gen, 6.67 ; nitrogen, 16.26: sulphur, 0.84; 
oxygen, 21.20. 

Insoluble Proteid. - Thi.s, which aimundcd t(( 3.80 jhu' emit, 
of the total jindeid matter.s, was insoluble in water, saline solutions, 
or alcohol; conseipicntly it was impo.ssil(le to study its ('omposition 
or to determine it.s prop<‘rties. 

A sample ((f malt which contained altogether 7.84 per cent, 
of pr((teid matters yiehh’d the bdlowing (piantities of these sub- 
i^tances, so far as thi‘y «'ould b<* separatiMl : 

Per CeiU. 


I’roteicl, itixilublc in .sulution or in alcohol . . j.Xo 

bvnin, siilnhlc in dilute alcohol ..... 1.25 

Bynedestin, ItMuaoin, ami ])iotet)ses, ('eagvdahie . 1.50 

•soluble in water ,ind .salt soluti<in f rncongulabl^ . 1.29 

Total jaoteids 7.S4 


liies<! results show “that in germination the luoteids of barley 
uiidi'rgo extensive cbange.s bidoro ae<piiring tin' proper! i('s of pro- 
teoses ; that hordi'in disappears, and an ahadiol soluble bovly of 
^^ntirely dilfcrcnt compo.sition takes its place ; that evlcstin also 
‘ ppear.s, and a new globulin is formed very dillVrent both in 


G 



98 BREWING CHEMISTRY. 

composition and properties. The albumin, on the other hand, 
appears to bo unchanged in its character, but its quantity is in- 
creased. It is to be noted also that hordein and edestin are both 
replaced by proteids much richer in carbon and poorer in nitrogen.” 

Coagulation Temperatures of the Proteids of Malt. — Solu- 
tions of bynedestin (globulin) become turbid when heated to 65 C. 
(149° F.); flocks begin to form when the temperature has risen 
to 84° C. (183“ F.); and these gradually increase in amount its 
the temperature rises to the l)oiling-point. Ihe whole of the 
globulin is not, however, completc‘ly thrown out of solution even 
at this temperature, since the addition of dilute hydrochloric acid 
still produces an aljundant precipitate. 

Tli(i albumin is comjdetely j)recipitated at a temperature of 
59° C. (136" F.); consequently, this substance will be coagulated 
and left in the mash-tun. The bynin and insoluble jn-oteid, being 
})otli insoluble in water or weak saline .solutions, are of no moment 
to the brewer, though it is prol>abh‘ that, <luring their stay in the 
mash-tun, they may be convcrteil to .some slight extent into 
proteoses by the }>roteolytic (Uizymes of the malt. 

At ] 'resent we are unable to make u.'^e of the indications 
atforded l)y the relative proporti<in of the nitrogenous matter of malt 
contained in these groups, l)(!cause .so far no observations have 
V)een carried out to show how malts, in which the.se relative ])ropor- 
tions difh'r from the normal, behave in the production of be(‘r. 
Hut it is fair to [)resume that if this siibject were thoroughly in- 
vestigated in the direction imlicated, important criteria would Im* 
established for the v.aluation of samples of malt. 

According to the ex})»*riinents of llantke,^ the following ])ercent- 
age.s of the total amount of the nitrogenous matter of a malt which 
he examined pas.sed into s.»lulion at the following temperatures - 


16 hour.s’ mash at 72" K. 
I hour’s masli at i(X)’ K. 
I hour’s ma.^li at 122' F. 
I hour’s mash at 143' F. 
I hour’s ma>-li at 167' F. 


IVT t'CMlt. 


;>i .78 
52.16 
37 5 * 

3275 


( 'onsequently the, largest quardily is extradcul at loo’ F. 

()i the, total nitrogenous matter tak<*n into solution by ma.shing 
at the following tmnperatures, the following j)ercentages were pre- 
cipitated on boiling tbe wort for an hour;- - 


16 liours’ masli at yi* F. 
I hour’s ma-h at ifxP F. 
I hour’.s nvish at 122" F. 
I hour’s mash at 145 ' F. 


Ter Cent. 
21.12 
15-24 

14. iS 
22. So 


Breuccr and Maltitcr, 1895, p. 1148. 
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From this it appears that at a iiuishing temperature of 122" the 
smallest amount of nitrogenous matter coagulable on boiling is 
extracted; apparently, therefore, this temperature is the most 
favourable one for peptonisation. 


THE AMIDE CONSTITUENTS OF PLANTS. 

In addition to the proteids all vegetables contain another 
set of nitrogenous bodies, tlie amides, which, being of a crystalline 
nature, are eminently ditl'usible. ^Ve have already mentioned 
some of these l)odies as being amongst the products of the digestion 
or breaking down of the [)roteids, but it is extremely j)robable 
that the amides in tiie living plant form a portion of the materials 
from which the proteids are constructed. The amides themselves 
are probably produced by a combination of the deoxiilisatioii pro- 
ducts of the chlorophyll cells with nitrogen, derived from the 
nitrates and ammonia contained in the Huid contents of the cells. 

Asparagfine. — < hie of the most frcMpiently occurring of these 
amide bodies, and the one which has been longest known, is 
as[>aragine, so called because it was first found in asparagus 
s[)routs. It forms large colourless crystals, readily soluble in 
water, but insolul)h‘ in alcohol. It has the following composition : 
C^Hj^N.,( ).j 4- H., 0 . An ;i(|ueous solution of the ordinary aspara- 
gine rotates the polarised ray to the left, its opticity being 
[a]|, = -6.23°, but a dextro-rotatory asjiaragine which rotates to 
the same angle in the »)pposite direction has been fouml in 
tares by Piutti. d’he dextro-rotatory body has a distinctly sweet 
taste ; the Irevo-rotatory is almost tasteless. When boiled with 
dilute acids, asparagine is readily transformed into asjtartic 
Jicid and ammonia, thus: C^ll,,N._,0.j -f H./) - -f NH3. 

The same reaction ensues when it is boiknl with a solution of 
a caustic alkali ; only in this case the aspartic acid itself becomes 
]mtially hydrolysed to malic acid and ammonia, and even in 
simple aqueous solid imi asparagim* sutlers .slight hydrolysis on 
prolonged boiling. As|>aragine, when acted on by nitrous acid. 
sulFers decomposition, ;ind yields half its nitrogen in the gaseous 
.state, according to the hdlowing ecpiation : - 


thlLN^Ort HNO., .. tALth 4 XH:, 4 - 2N 

Aspamiriiie, Nitrous Malic AmmoT)ia. Nitix)pen. 

Sachsse ^ has ba.sod a methotl hw the estimation of asparagine, 
•"^ud the amides generally, on this reaction. Asimragine is jirecipi- 
tati-d by mercuric nitraU*, and the C(»mpound so obtained may be 


AffricuH. Chcmicy p. 39c. 
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decomposed into asparaijiue and metcunc sulphide by the action of 

''^''Aspartic Acid.— This is the crystalline body, slightly soluble 
in water, which rotates the polarised ray to the right or left, ac- 
cording as the asparagine from which it was obtained was dcxtru- 
or liEvo-rotatory. Treated with nitrons acid, aspartic acid yields 
up the whole of its nitrogen, thus ; 


C4II7NO4 + HNO.> = C,lhO, + 

Aspartic aoul. Nitrotis acitl. Malic aciil. 


HoO + 2N 

Water. Nitrogen. 


Glutamine. — This is a crystalline )>otly having the follow- 
iinr composition, It rea.lily siitfers decomposition, 

bfdng readily split up hy the action .if alkalies or acid.s, tir hy 
prolonged Ix.iling of its aqueous .s<>luti..n, into gliitanc acid and 
aninionia. In consequence of its unstahlc natiiie, glutainiiie i," 
seldom met with in i»lants, though the frequent presence of 
glutarie acid leads to the presum).tion that this latter body is 
a decomposition prnductof glutamine. ^\ hen treated with nitious 
acid, glutamine yields up the whole of its nitrogen, thus: 

C5H10N.X), X 2: UNO.) - C'jIhOj + 4N -r 2(H./)) 

Glutamine. Nitrous aci«l. O.xyglutaiic ucM. Nitrogen. Water. 


Glutarie Acid is a cry.'^talline sulistance, slightly sululde in 
water, its solution being de.Ktro-rotatory. A lievo-rolatory acid is 
also known. The former aci«l is found amongst the pro<lucts of 
the hydrolysis of the protei.ls. 

TyiOSine. — Tins body, which is liydroxyphcnylamido- 
propioiiic acid, CH;NH. COOH. crystalli.se.s in lino brilliant 

silky needh’S, soluble with dithculty in cold water, slightly more 
so in hot water, hut iusolul.le in al.’ohol. Its aqueous solution 
rotates the polari.sed ray to the left ; a dextro rotatory moditica 
tion is also known. Treate.l with nitrous acid, it yields iq> 
nearly the wliole of its nitrogen. It lia.s long been known to be 
one of the pnxlucts of ]»rotcolysis, and is fre.[Uently inc*t with 
in germinating seeds. 

Leucine or Amido-Caproic Acid.— An amide pre.sent in 

the products of [iroteolysis, aiul wliich is also found in germinating 
seeds. It consists of lirilliant silvery-white plates, soluble in about 
twenty-seven parts of cild water, and slightly soluble in alcolcl. 
Its aqueous solution is dextro-rotatory. It lias been prepared 
.synthetically. When treate<l with nitrous acid, it yields up the 
whole of its nitrogen, thus : — 

+ HNOj - CrtlljjOa + H,0 + 2 N 

Leucine. NltrcMia acl.l, iiydroxycapruic «ci.J. Water. NItrugcu- 
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Vernine. — An amide occurring in plants and leaving the com- 
position Cj(3H2oNgOg + 3H2O. It lias been isolated by Scliulze and 
Bosshard. It crystallises in brilliant silky neeilles, dissolves with 
difficulty in cold water, readily in hot, but is insoluble in alcohol. 
Vernine, when heated with hydrochloric acid, yields guanine 
C,H,N,p. 

Bet 8 .in 6 . — Another body of an amide nature, but which 
perhaps ought rather to bo classed with the alkaloids. It has 
lieen isolated by Schulze from beet-roots. Its bjrmula is : — • 

CH, — CO^ 

I > 

X(( H,).rO 


Choline. — An .alkaloidal substance w'hich possesses a bitter 
taste, is of an exceedingly hygroscopic nature, and has an alkaline 
reaction. Its composition is H()OH.,CH./N(CH3).j*Oir. It readily 
combines w'ith carbon dioxide, and can bo formed artificially from 
triiindhylamine and glycol. It lias been fouml in hoji.s, in wort, 
and in beer. 

The Amides Occurring* in Malt.— Ullik was able to 

detect hyjioxantbinc, guanine, and vernine in wort and beer, 
also probably leucine and tyrosine, but he was nnahle to find 
either asparagine or glutamine. Anithor found vernine and 
another suhstanee which ap[)ears to have a composition inter- 
nieiliate l>etwe(m xanthine and guaniiu'. IhilP found the amine 
body eliolinc in barley and malt. Asparagine appears to be con- 
taineil in malt rootlets, but not in the malt itself. 


THE ENZYMES OK llYDROLYSTS. 

Enzymes. — There arc found in all living organisms, ho they 
animal or vegetahle, certain remarkahlo nitrogenous bodies wliieli 
are either actually alhuminoids or are very closely allied to them. 
They are soluble in Avater and arc coagulated hy lieat. Each one 
pos.se.sses the jHAwer of splitting U[) the complicated compound 
molecule of some particular organic Innly, such as starch, albumin, 
Ac., when the enzyme and the suhstanee arc hrouglit into intimate 
contact with each other under certain conditions, an absolutely 
necessary one of tlnxse htung the pre.scnoe of water. These nitro- 
genous bodies arc often sj)oken of as the “ unorganised ferments ” 
or enzymes,” and the transformations they etfect termed “fermen- 
tative processes.” Since, in the changes Avhich are brought about 
through their agency, water is almost invariably added to the mole- 
cule of one or both of the newly fonned substances, the process has 


' Chem, Zeit.t 1893, p. 67. 
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been called “ hydrolysis,” and the agents concerned in the action 

^The^ selection of the name “ferment” for these bodies, and 
that of “ fermentation ” for the processes they induce, was an un- 
happy one, since these terms liad been associated for a very long 
period with an entirely ditlerent set of bodies and processes, i.c., 
tlie organised ferments, such as yeast, bacteria, c'tc. So much is 
this the case, that when fermentation is spoken of, one is extremely 
apt to connect this term witli the older process denoted by that 
name, and hence confusion arises. When an organised fermenr, 
such as yeast, acts upon sugar in solution, the appearances of boih 
in<^ are more or less present : and since the word “ fermentation 
is ^derived from tlie Latin word /cm»re (to boil), it would seem 
much the more reasonable course to resi^rve tliis word for the 
designation of those processes with which it has been associated 
the longest, and which are more in accordance with its original 
signification. The word “ ferment would always then mean a 
living organism, and “ enzyme ” or “ hydrolyst nn unorganised 
body. Of the two names for bodies belonging to the latter class, 
“liy<lrolyst”^ is undoubtedly tin* better and more scientific (TUe, 
since it denotes the action : ami by combining with the word 
“hydrolyst” the name of the substance on which each ]>articular 
enzyme acts, we ol)tain a distinctive name for each class. Thus 
the enzymes whicli act ii])on starch are calle<l amylo-hydrolysts ; 
those that act on prot(*ids, proteo-hydrolysts, See, 

Action of Enzymes Similar to that of Acids. — Actions 

similar to those caused \>y the v(*getable liydrolysts can be in- 
duced by several inorganic agents. Sulphuric, hytlrochloric, oxalic, 
and many other acids, apparently a<T upon starch in a precisely 
analogous manner to that in which tlie amylo-liydrolyst diastase 
acts. During the process the acid neither sull’ers loss nor decmii- 
position, and can lie entindy recover(‘d at the end of the experi- 
ment in an absolutely unaltered condition. Several metallic oxides, 
such .as thos(^ of copper, cobalt, Ac., behave in a similar manner 
v.'ith certain com))Ounds which cont.ain oxygen, such as hydrogen 
peroxide .and the hypochlorites, d'hey tlecompose these bodies 
when in solution, with the liberation of oxygen, the metallic oxides 
themselves sutrering no change whatever in the process. 

Purposes for which Enzymes are Produced. —The 

important work in nature as-igm-d to the hydrolysts (enzymes) 
is the conversion of insoluide liodies into siiluble and dilTusible 
ones, or to render diflYisible those bodies of a non-difTusiblo nature 
which already exist in solutimi. If these nece8.Hary changes did 
not take place, many substances coubl not be made use of by 
animal or vegetable organisms. For instance, when germination 
commences in the grain of barley, it is neces.sary tliat the starch 

’ Suggested by Professor Annstrong {Journal of the Chemual Society, 
1890, p. 528). 
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stored up in its endosperm sliould be able to travel to the growing 
germ. Tliis is first effected by an enzyme or arnylo-hydrolyst (the 
translocation diastase) already present in the seed, afterwards by 
another hydrolyst (ordinary diashise), which is formed in con- 
siderable quantity during germination. The insoluble proteid sub- 
stances in the grain are also rendered soluble and dilfnsible in a 
similar manner by another set of enzymes, the jn-oteo-liydrolysts. 
But enzymic action is not confined to the process of germination 
alone, for enzymes are to be found in every part of the living plant, 
leaves, butls, tubers, stem, tVrc. 

One of the most striking facts connected with the enzymes is 
that an exceedingly minute (piantity of any one of them is able to 
transform an enormous amount of the substance on which it is 
ca})able of acting. The action of the hydwlysts has not yet re- 
ceived an absolutely certain explanation ; the most probable con- 
jecture is, that they are bodies whose molecules are in a high state 
of vibration, and that they arc able to transmit these vibrations to 
other Indies in their immediate neighbourhoo<l with .such force as 
to overcome the stability of the molecules of the latter bodies. 
Thesfi are, as it were, shaken into Ixidies which po.'^sess a simpler 
and more stable mohanilar condition, up<jn which the vibrations 
of the enzyme are no longer capable of exercising a disruptive 
action. 

Enzymes Derived from the Albuminoids.—lf the hydro- 

lysts are not tliemselves albuminoids, they are undoubtedly near 
derivatives of them, being most pr<»bal)Iy oxidation i)roducts. It is, 
however, somewhat doul)tfid whether they are really independent 
entities, or merely albuminoids which in a c(‘rtain phase of their 
development tenq)orarily assume this power. Amylo-hydrolysts 
are found in .S(»mc organs of the plant which never contain starch, 
and where, in such cases, their pre.sencc is inexplical.)le unless they 
are made ii.se of afterwards in the nutrition of the plant. It can 
hardly be imagined that the energy and material nec('.ssary for 
the production of these bodies would be e.xpended for a totally 
irseless [nirpose. The change from albuminoid to enzyme does not 
seem to lie of a very profound nature. Baranetzky found that an 
aqueous extract of the resting tubers of the j)otato did not possess 
any amylolytic power wlien freshly prepared, hut that, after remain- 
uig for a fe>v days exj)oseil to the air, the solution acquireil this 
property, which it, however, again lost on further keeping. That 
this alteration coiilil not be attributed to the entrance of bacteria 
is shown by the fact that the solution remained tasteless and 
cdourless all the way through the exi»eriment, and at the end of 
It possessed the same slight degree of acidity which it did at the 
^'"nnnencement. Acconling to Sachsso,^ the simplest view to take 
^f the hydrolysis, if we do not regard them as albuminoids, is to 


* Afjrieult, Chnnic, p. 364. 
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look upon lluuii as near derivatives of tliese bodies, readily formed 
from them by the aetion of oxygen, ami whieli just as rea<lily 
resume tlnur original comlition. VieAved in this light, they an; 
not exclusively formed for the specific pur[)ose of inducing hydro- 
lytic changes, but are general and normal i)roducts of the allnimi- 
noids pro(luced by resj>iration in the plant. That oxidation plays 
an important part in the formation of the hydrolysis in the sec'd 
is shown by the well-kmnvn fact that se(‘ds, when caused to ger- 
minate in a thick lay(‘r to which (be oxygen of tbe atmosplnuc* 
can only obtain but limitiMl ae(*ess, produce much less diastase 
tlian sindlar seeds do wlnm they are. spread out in a thinner layer 
and more freely exjiosetl to the air. d'be maximum (piantity of 
the enzyme is formed in simmIs sown under natural conditions in 
tbe earth, since in this ease each see<l is isolated and secures an 
abundant supply of oxygen. 

It has been shown icv' loyvchler that "ben bodies belonging to 
the gluten-casein group are subjeetecl to the action of dilute acids, 
a l)ody possessed of amylolytic ]irop(.‘i ties is fornnal, to which he 
givc's the name (.f “artificial diabase." Eintner and Icekhardt. 
who have also investigated this subjeet. corroborate the results of 
ib'yclder, and find that this is <*speeially tbe eas(‘ with mucedin. 
When four grammes ..f mueedin were dissolved in looc.c. ofo.i 
])er cent, ai-etic acid, and the soluti'ui imniediatidy teste<| for 
<liastatic jxtwer, tlii.s wa.s found to be . ( )n stainlim^ at a 

tem[)erature of (,. ((j^ the amvbtlytic ))o\ver of th<‘ solu- 

ti(m gradually increased, until at (he en<i of 't wenty-om- days it ba<l 
iis(‘n to S p , A similar and erpnd eflect was produc<‘d on the 
muc(‘d,n in ten days wlnm dissolved in .a o. i ptu' cent, solution of 
h\ <lr(xddoric aci^J, <tr in a o. j jx-r rent, solution of acid ])otassiuni 
pluJsphate ( 1 1,,I\ P( 1 his ellect, they suggest, mav b(i (‘aused 

by th(> action cf the arid on an unknown “ enzymogi*'n ” ^ present 
in the sf;ed. 

brown and Heron have shown that when an acjueous extract 
of barley is submitted to the action of veast for a few hours at a 
temperaluiv of 30'My (86^ l\) its power of transforming starch is 
mu. h im iva.md. This they attribute to some* change brought 
about in the soluble albuminoids bv the yeast. 

In a >tate of complete, dryness the enzvmes will bear (‘xposure 
to a temi>eratuie of 100' to ,25' C. without losing the wlmle of 
their characteristic proj>erti<*s. 

The Various Groups of the Enzymes. Although the 

genera action of the, whole of (he enzymes may be broadly 
. (. in.x as one of hydndysi.s, yet ea. h j.articular enzynu! can only 
act upon a certain cla.ss of .substances. Thms, diastas.* rea.lilv 
hydrolyses starch, but bas no action on proteids ; similarly iiepsin, 
wfiich hydroly.ses jiroteids, i.s unable to alfect st^arcli. The enzymes 


' En zymogen is -a Ijorly which 
Verted into an enzvfiie. 


umler the action of an acid Ix-otncH on 
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may divided into the following seven groups, in which they are 
arranged according to their respective specific actions : — 


Group I. 


Diastatic Enzymes: — 


Diastase of secretion (malt) . i 
Translocation diastase (barley) / 
Ptyalin (saliva) . ' 

Glacase (maize) , . | 


Convert starch into mal- 
tose and dextrin. 

Converts starch finally into 
gluco.se. 


Group II Cyto-hydrolytic enzymes : — 

Cytaso (malt) . . . . ) Transform cellulose into 

Enzymes of seeds in which the / sugars, such as mannose, 
reserve material is cellulose j xylo.sc, &c. 


Group II I... Pectin enzymes : — 

Enzymes which convert pectinous substance.s into vegetable 
jelly. 

Group IV... Inverting enzyme.s:-- 

Invertase (yeast) . . . < Convert cane svigar into 

Invertase (malt) . . \ invert sugar. 

Glucase (ycjast) . . . i 'J'r.oisform maIto.se into 

Enzyme of the small intestine i glucose. 

Enzymes of ye.ast which degrade the intermediate dextrins 
into maltose; tlie.^e are especially present in the wild 
yea.st.s. 

Enzyme of k( phir . . . Inverts milk-sugar. 

Probable enzyme of gorminaf- } Converts maltose into cane 
ing barley . . . ) .sugar. 


Group V Proteolytic < n/ymes ; 

Enzymes of malt and oth(‘r'\ 

vegetables ^sometimes called I Convert proteids into 
pcpt.'ise), hut wliich liave not '• proteo.ses, j^cptoties, atid 
yet been isolated . I jtmiiles. 

. Trypsin (pancreas) . . . ’ 

^ Converts proteids itito juo- 

Pepsin (stomach) , too.ses and peptones, but 

( not into amides. 

Peptonising ferments secreted by many bn('teria. 


Group VI, ...Glucosidal enzymes : — 


Emulsin (bitter almond) . 

lilany other enzymes whic 
glucoside.s. 


( Splits up amygdalin into 
1 oil of bitter almonds, 
j hydrocyanic aciil, and 
( water. 

li have the power of hydrolysing 


Gfu)ui> VII.. .Zymase of yeast : — 

Splits uj) .sugar into alcohol and carbon dioxide. 


The Diastases or the Amylolytic Enzymes. — Tlie 

'^uKstaiieu of this nature, wliieli has Iteen known for the longest 
’ibc, is tlio diastiuse found in germinated barley ; it was alsi^ the 
dst onzyiuo i.solated, thongh it was only obtained in an exct'cd- 
^'*Kly impure condition. Since then it has been diseo\au'ed that 
‘^‘bzymes of this cltiss are widely dis.seminated throughout the 
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vegetable kingdom ; scarcely a plant, or part of a plant, has been 
examined without detecting their presence. As has been shown 
by Lintner and Eckhardt, and by Brown and Morris, two distinct 
forms of diastase exist ; one of these is present in considerable 
quantity in ungerminated barley, the other, which is secreted 
during the germination of barley, is largely present in malt. 

Isolation of Diastase. — Numerous attempts have been 
made from time to time to obtain malt diastase in a state of 
purit}', the first investigations on record in this direction being 
those of Pa3'en ami Perso/. Their method was as follow's : — A 
strong cold-water 1 extract of malt was heated for half-an-hour 
to a leMqierature of 70" C. (158’ F.), in order to coagulate certain 
all)uminoiis matters ; the extract so treated Avas then filtered off, 
and a large qujintitv of absolute alc'ohol added to the filtrate, 
Avhich j)recipitated the diastase. The preci})itate thus obtaine»l 
w'as again dissolved in water, re-precipitated l)y alcohol, and dried 
at a temperature of 40’ to 50' C. (104" to 122" F.) A white taste- 
less and odourless |)ow’der w'as obtained in this w'ay, which, upon 
solution in water, was found to possess amylolytic propjuties. The 
<liastase }>rodu( eil in this way is very waeik in its action, since it 
suffers great deterioration at the high tem]H*rature to which the 
malt-extract is subjected. Various otln*r attempts have been mad(; 
from time to time to improve the methods of isolating diastase, 
such as that of extraction with glycerin, follow'ed by precipitation 
by alcohol ; preci})itation by eomimui salt, by {ie(;tate of lead, Ac., 
but all these metliods hav(* provial unsatisfactory. A better i)ro- 
cess, which is in reality a modification of the method of C\ O Sul- 
liv'an published in i88a, was proposed by C. J. Lintner. Lintner 
directs one [)art of powder<‘d barh*y-malt or of sieved green malt 
to be digested for twenty-four hours or longer with two parts of 
20 |>er cent, alcohol.- The solution is then filtered off, and twice, 
or at most two and a half times its volume of absolute alcohol 
added, witli constant stirring. More than this quantity of alcohol 
should not be added, or slimy matUu’s, posse.ssed of little diastatic 
pouo-r, are simultaneously prec ipitated. The ])recipitated diastase 
(piickly settles in yellowi>h-white flakes, from which the RU|)er- 
natant liquid is ixaired off, the j)recipitate brought on to a filter, 
ami the al(;oholic flui<l reinovccl as (piickly as possible. The 
residue is removed from the til ter- paper, placed in a mortar and 
well triturated with absolute alcohol, again placed on the filter, 

Py coM-water extract of malt is m«^ant a Hohitioa ef the aolublf 
portion.H of malt in c<»l(l water. It in prepared hy grinding rnalt to a lino 
powder in a mill and mixing it with cohi water in a beaker or other vch«I. 
the mixture, after Htamling for a certain length of time, during which it 
IS occasionally Ktirred, is filtered off. Malt-extract contains in solution the 
diastase and other soluble nitrogenous constituents, the gum, and the rea<ly- 
formed stigars. 

* Syiljfgyi employs 30 per cent, alcohol, so as to dissolve less inert pmteid 
matter. 
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tho alcohol removed and the precipitate washed with absolute 
ulcohol. Tho iweci[>itate is brought once more into the mortar, 
triturated with anhydrous etlier, placed on the filter, and the 
ether removed as far as possible by the suction-piinif', .after which 
the precipitate is dried in a vacuum over sulphuric acid. The above- 
nieiitionetl dehy<lration of the <li:istase by alcohol and ether is 
absolutely necessary in order to obtain the substance in the form 
of a loose j)Owder, e.asy of solution, and ])ossessing the maximum 
amount of diastatic jmwer. If the dehydration is in(a)mplete, the 
preparation dries to a tough horny rn.as.s, whicli is only partially 
soluble, and is jmssessed of little diastatic power, lly repeated 
solution in water and re-i)recipitation by alcohol the enzyme may 
be entirely freed from carbobyilrate matters.^ The mineral con- 
stituents, Avhich in the freshly precipitated preparation amount 
to 16 per cent., are excecalingly difiicult to remove, but can be 
reduced by dialysis to a little less than 5 ]>er cent. The most 
ju)werful ili;istj>se which Lintner was jible to pr(‘par(* in this manner, 
Mini presumably the jimrest, liad the following ['ercentage composi- 
tion: — C. 46.66, H. 7.35, X. 10.41, S. 1. 1 2, (). 34.46. It differed, 
therefore, considerably from the ordinary .albuminoids in composi- 
tion, being much richer in oxygen and poorer in nitrogen. 

A most important .series of investigations f)n diastase have 
recently been carried out by J. 11 . Osborne,- which have consider- 
ably advanced our knowdedge of this substance. The diastase was 
prepared in the following manner: -Ten kilogrammes of ground 
m.alt wau’c extracted w'ith water, and the malt-extract thus ob- 
tained Siiturated with ammonium sulphate. This had the effect 
of precipitating the wlude of the ])roteid.s in .solution. The pro- 
teids w'ens then suspended in four litn's of water, and dialysed 
until much of the ammonium sulphate had been removed. The 
dialysed solution, after being filteretl off from a residue consisting 
chiefly of globulin wdiieh luul become in.solul)le, was again satu- 
rated with ammonium sulphate. The preeijutate so obtained was 
suspended in 1500 c.c. of water, submitte»l to dialysis, and filtered 
off. Most of the globulin was con vei ted by this treatment into 
the insoluble modification and remained behind. The solution of 
the malt proteids, nearly the whole of the glohulin, was now' 

dialysed into alccdiol of sjiecilic gravity 0.84. In forty-eight hours 
the precipitate which had formed was nunoved ; it wuis called 
‘Precipitate No. i.” The solution w'as again dialysed into alcohol 
of the same strength for another forty eight hours, wlien another pre- 
cipitate formed ; this W'as reinov<‘d and called “ Ih'oeipitate No. 2.” 
Ihe filtrate from this w’as dialysed into a rather larger cpiantity of 
sonnwvhat stronger alcohol, w'hen “ ITecipitate No. 3” formed and 

• r* 1 by ita solution, after being boiltd for some time with a dilute 

being able to reduce Fehling’s solution. 

-.1= ^'^‘Portof the Connecticut Agricultural Kxi)erimcntal Station, 1894, p. 192 ; 
"bo Jour, Auur, Chem. ^bc., 1895, p. 587. 
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was filtered off. The filtrate from this was similarly treated 
when “ Precipitate No. 4” was ohtaim-d. To the filtrate from tliis 
a large quantity of alcohol was ad<l(‘d, whicli threw down “ Pre- 
cipitate No. 5.” lh-ccii>itate i was contaminated with much 
colouring matter, No. 2 less so; the others were nearly colourless. 
Their Aveights were approximately: No. i, thirteen grammes; 
No. 2, eight grammes ; No. 3, six grammes; No. 4, five grammes; 
No. 5, tliree grammes— alfogetluM-, thirty-live grammes. 

Precii)itate No. i was further purilied hy solution in water, 
when a large aimnint of insoluhle matter was left behind : this 
was removal l»y tiltration. The filtrate from this was first dialy.sed 
in water for soviu’al davs to nuiioAu* salts, and then dialysed in 
strong alcoliol until lUGirly the whole of th(5 proti-ids were thrown 
<lowii. The preci]>itate thus ohtaim‘<l, after drying, weigliiMl 
2.11 orainmes. and was almost (‘iitirely soluble, in water. It Inid 
a diastatic powtu’ of 30 on I.intin'r’s scale ; its solution, when 
slowly heatisl, became turbid at 65" and deposited thxdvs at 
70 C. .\ft('r this coagulum laid beiui filtered off, the fluid gave 
a strong biuret rea<dion, showing that the jireparation c.onsist(*d 
largely of ])roteo.se.s. 

Pnadpitate No. 2, after similar ]>uriji<'ation, yi(dd(Ml a jtowder 
almost coinpletidy soluble in water. Its s(dution, when heat(Ml, 
became turbid at 60', ainl <lep"sited flocks at 66'. Its diastatic 
power was 75. 

ih'ccipitate No. after subse(pient purification, yielded 3.0 
grammes of a substance almost completely soluble in w:iter. Its 
solutitui, when lieateil, became turbiil at 55' C., and thx’culent at 
60'' P'. The filtrate from this gave a strong biuret r«*aetion, indi- 
cating the picsencc* of much j)roteose. d'lie diastatic power of tln^ 
preparation was 222. 

Pr<‘cij)itat»i No. 4 was disodved in water, lilteri'd off, and 
dialysed for several days in water, afterwards in alcoliol. Ab.solutc 
alcohol was then added to the contents of the dialyscu’, when a 
jjrecipitatc* weighing 4 grammes w.as «ibtained. Its solution, u])"M 
lieating. b.M-ane^ tuihid at 50' C., and gavi; a lai-ge eoaguluni at 
56' C. d’lie filtrate from this gave a himet reaetion, showing that 
proteoses Avere j»re.^ent. 

lliis j»rep nation liad a diastatie jxiwer of 600, and Avas the 
most powe.rfnl diastase Avhieli had ever heen prepared. It AVii> 
fonnd to eontain 0.66 per eent. of ash, and wlien subjected te 
analy.-'is yiedded the following resnlt.s, Avhieh an; ct)rri*ete<l f"r 
ash. They show that it is a tnie proteaM : — 

.\Mhfrce. 


Carl)on . . . . . 52.50 

Hydrogen ..... 6.72 

Nitrogen 16.10 

iSiilpfuir 1. 00 

O.xygen 22. 78 


100.00 
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Tlie amount of sulpliur is som(3\vluit large for a pi-oteiJ, but this 
was thought to be hue to the ivteiition of a trace of ammoiiiuiu 
sulphate in the preparation. 

Precipitate No. 5 dissolved completely in water, and, after 
being Avashed with absolute; ah-ohul, weighed 2.87 grammes. Its 
aqueous solution, Avhen heated, became turbid at 50" (J., ami 
yielded a small coagulum at 58" (J. The liltrate from this gave a 
strong biuiet reaction, showing that it contained mucli proteose. 
Its diastatic [)ower was i 5. 

Nature of Diastase. — The purified precii»itate from No. 4 
was noAV closely investigated. Its coagulating ])oint agrees exactly 
with that (jf tlic albumin (h;ucosin) (jbtained from wheat, rye, and 
barley, and it has also the same clnmucal conquesition. Tlie a(jU(*ous 
extracts of all these grains have a powerful <liastatic action The 
amount of coaguluble all)umin in the )»urili<Ml j)rej>aration amouut('<l 
to 53.2 })er cent. These facts stiongly point to the albumin as 
being the aedive substance, ycd it was not found ))()ssible to (*stablish 
any numerical relation between the amount id al))umin cmitained 
in a substance and its diastatic power, tliough in no case Avas a 
iliastatic.ally active svd>stance ever found which Avas entirely frci; 
fiami albumin. If the activity of tin; jaaquiralion Avtuc solely due 
to albumin, tlien tin' malt ouglit to havt; slnawn a much higher 
diastatic [)ow(;r than it ilid, judging from the amount of coagulalde 
albumin Avluch it contaim-il. 'I'lu'se facts led Osborne to surmise 
that diasta.si; is a compi>uml of all)umin Avith some other sul)stanci‘, 
presumaltly a pndeosic Kiihne, in his altmnpts ti> is<date tryj>sin, 
had been led to a sindlar citnclusion with referenci* to the nature 
of that body. 'rhe.s<; are, hoAV(*ver, imu-cly sup[io.'-itions, for which 
as vi't there is no direct (‘vidence. 

Properties of Osborne’s Preparation of Diastase. —Its diastatic 
power in com))arison Avith other so-called pure (mzymes is very 
gu'at; it is able Avithiii one hour to yielvl Avith soluble starch, at 
the tem})eralure of 20’ C. (68° Ig), 2000 times its weight of maltose, 
together Avith an umlctcrmiiKMl amount of dextrin. After being 
allied over suljdnuic ai-i<l and ke[)t for six nnmths, it lost half its 
diastatic power ; hut even then it Avas aide in .sevt'utccn hours 
to produce, at 20° (b, 10,000 tinu's its weight of imdtt'sc. hcsid(‘S 
an uidiiioAvn (piantity of d(*xtriu. At 45° (b (113" lb) it produced 
a similar ([uautity of malto.se in one hour, hut at 50 (b (122" E.) 
uuich le.ss maltose Avas huam’d. and at 55 ’ U. (131 F.) very little. 

In a sidution of the preparatimi, Avhieh Avas eomjmred Avith a 
malt extract that ha<l tin; same diastatic power, the liquefying 
power was found to he le.ss ; 5 e.e. of the malt-extract added to 
'o c.c. of 2 per rent, standi-pasle dissidved tin* starch eompletely 
'*1 eight minuh's, Avhilst 5 e.e. of the .solution of the preparation 
required thirty-seven minutes. The maltextract Avas also found 

be more eiiergidic in converting starch into bodie.s wliich gave 
i'*) colour Avith iodine. For instance, 5 c.c. of the malt-extract 
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added to a lo c.c. solution of soluble starch caused the disap- 
pearance of the blue reaction witli iodine in thirteen minutes, 
while it took thirty-eight minutes to arrive at the same stage with 
5 c.c. of the dissolved preparation. To two portions of a starch- 
paste, each measuring lo c.c., there was added to the one 5 c.c. 
malt-extract, and to the other the same amount of malt-extract 
which liad been previously boiled and cooled, and to wliich a 
portion of the prepared dijistase had been added, equivalent in 
action to that contained in the malt-extract. In the former ca.se 
the starch was liquefie<l in seven minutes, in the latter in fourteen 
minute.s, whilst thirty-seven miniit(‘s were reciuired to produce the 
same result witli a simple a»iucous solution of the jireparation. 
The solution of the diastase in boiled malt-extract was found just 
as active in converting starch into bodies which gave no colour 
with iodine as unboiled malt-e.x tract. Iwidently, then, the dif- 
ference first observed was due to the conditions of the experiment 
(presence of amide.s, mineral salts, I'cc.), and not to a difrerence in 
the power of the (‘iizyine. It has lieen shown liy Kflront that (uie 
of the amiih'.s, asparagine, has tin; power of consideraldy increasiu^^ 
the activity of diastase. 

Test for Diastase. -Ihastasi;, according to Lintner, respoials 
to all the tests characteristic of the albuminoids, with the excep- 
tion of that known as the biuret reaction. It give.s, Innvever, a 
deei) blue colour with an alcoholic .solution of gum giiaiacum ainl 
hy<lrog(‘n peroxide, a reaction which is given by no other proteid 
bodies but the enzyme.s. The best way of j)erf(.u'ming this test is 
to jirepare a i pcT cent, solution of gum guaiacum in alisolute 
idcohol, and this should always be prepanMl immediately before use. 
Ten c.c. of this solution are placed in a test-tube, a fi;w drops 
of onlinary commercial hydrogen peroxide solution added, and, if 
this addition cau.ses (doudine.ss, alcohol is a<lded until the fluid 
again becomes clear. A single <lrop of a 0.05 j>er cent, solution 
of diastase shaken up with the mixture gives almost instantane- 
ously a deej) blue colour. So delicate, is tbe test that the presi'iice 
of diasbise in the steM*p water of the barl(;y cistern can be readily 
detected by its agency. 

The Multiple Nature of Malt Diastase.— It is highly 

probable that the di;tsta.se (»f mall i.s not one single individual 
body, but a iid.xture of .several <liasta.ses, for it has la-eii sliown 
that, when portioii.s tbe .sann; .solution of dijusta.se aia; heab d to 
different temperatures, ;ind then allowed to act upon starch paste, 
the pro<lucts of their action are. very <lilbT(;nt. Brown and llcion 
found that when the malt - extniet, obtained by treating 200 
gramme.s malt with 250 c.c. water, w-as slowly heated, a turbidity, 
eoineident with coagulation, first a[){)earH in tlie flui<l when n, 
temperature of 46" U. (115" K.) was reached, and that if it 
kep»t at thi.s temperature for fifteen tt) twenty miiuiUjs, the iinixi- 
mum amount of coagulation for that i)articular temperature 
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place. Upon filtering off the precipitated matters and again heat- 
ing the clear litiuid, a fresh coagulation, reaching its maximum in 
fifteen to twenty minutes, commenced when a ternperaiure slightly 
above 46“ C. (ns*" F.) is reached. On repeating the process, 
it was found that with each successive rise in temperature a 
fresh coagulation took place, until, when a temperature of 95^ C. 
(203” F.) was reached, all matter capable of coagulation by heat 
had been tlirown down. Tlie following table shows tlie quantities 
of coagulable matter which separated at different t(;mperatures 
from 100 c.c. of mult-extract of the strength given above : — 


Toiiiperature. 

50° C. (122'’ F.) 
60'' C. (140' F.) 
66'’ C. (151'’ F.) 
66'’ V . (169“ F.) 
loo’’ C. (212'’ F.) 


Orannnes of 
Proteld Matter 
Coagulated. 


I’ercentaKC of 
Total Amount. 


0.044 1 9. 1 

0.123 34.4 

0.15s 13-9 

0.186 13.4 

0.230 19.2 


1 00.0 

They state that every stage in the, coagulation of malt-extract by 
heat is attended with a di.stinct modification of its amylolytic 
power, and, conversely, tliat they liad never been able to discover 
any modification in starch-transforming power which was not 
attended witli distinct coagulation. 

vSince at 80“ to 89" the diastatic. power of malt-c'xtract is com- 
pletely destroyed, and this is the. temperature at which nearly the 
wliole of the coagulable proteids were thrown down, they concluded 
that the diasbitic [mwer was a function of the solubh' proteids, and 
was not due to a <listinct agent. They found that, when malt- 
extract is filtered under slight i)ressure through a porous earthen- 
ware battery cell oma? or twice, all the proteids were retained 
within the cell, and that the filtered licpiid was as completely 
deprived of its diastatic; [)ower as if it had been boiled. 

Barley Diastase. —-The fact that ungerminated grain con- 
tains an amylolytic enzyme has been known for a long time ; its 
pre.sence in tlie gluten of wheat had been detected as early as 
1812 by Kirchoff This fact had been lost sight of until (piite 
receiit times, when ex[)erim(*nts were made on ungerminated grain, 
and its dia.static jiow'er a.scertained by l.intner’s method, in which 
s<jlable starch is u.sed instead of starch- paste. It was then found 
that the diastatic ])ower of ungerminated grain often equalled, 
and sometimes surjuissed, that of ordinary malt. The diastase of 
Hiley has not as yet been i.solated, consequently our knowledge 
<'Oncerning it is limited to its action upon starch. In this barley 
c uistase differs widely from malt diastase ; its power of liquefying 
gelatinised starch is very much inferior to that of malt diastase ; 
ie latter exerts as much liquefying action on a solution of gela- 
nnsed starch in eight minutes os an etpiivalent quantity of barley 
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diastase does in twelve hours. It is also unable to corrode starcli 
granules; this and tlie power of liquefying gelatinised starch 
appear, according to Brown and Morris, to go hand in hand. 
Lintiier and Eckhardt ^ found considerable diflerences in the 
action of tlie two diastases at various temperatures, tl‘e 

optimum temperature of barley diastase was from 40 to 50 C., 
that of malt from 45“ to 55^ C. ; the former was as active at 
4" C. (39" F.) as the latter was at 14.5" ( (58" F.). 

Glucase. — An enzyme which is unable to act U])on gelatinisf'd 
starch, but which slowl}' converts soluble starcli, more readily 
dextrin or maltose, into glucose. It bas been said to lie })r(‘sent in 
steeped barley, and also in malt, by several oliservers, win* state 
that it exists there partly in a soluble and partly in an instiluhlc 
('ondition. Gther authorities have been unable to detect the 
presenci* of this enzyme in either barley or malt. Glucase appears, 
from the researclncs of Gchluld,- to lx* a normal constituent of 
maize. He prc*pared the enzyme by (‘xtraeting ground maize with 
water, and precipitating the enzyme from the extract thus olitained 
with alcoln.il. Glueasi* gives tin* him* reaction with guaiacum an<l 
hydrogen tieroxide. The action of this enzyme on d<;xtrin and 
maltose is most emu-getic at tempei'atures between 50^ and 60' C. 
(122 ' to 140^ F.) ; at 60" the aetimi becomes slower, and it i'^ 
comjdetely arrested at 70' C. (158' F.). 

LaCCase. An enzyme, found by Bertraml ' in the, trcu! whii li 
yieMs lac. which pos.sess»*s the power of absorbing oxygen from 
the air. and of evolving carbon dioxide. This action so closely 
resembles respiration that it has been thought to stand in .^ome 
definite relation to this process. It is thought {lossilde that an 
enzyme of this nature may exist "in jiialt, which by its agency 
effects the transformation of a }xn'tion of the starch into water 
and carbon dioxi<le. A curiou.s fact in coniu'ction with this 
enzyme is that it is not destroyed by boiling in watcu’. 


THE ENZYMES oF YEAST. 


The cultivated yeasts contain several enzymes ; the longest 
known of these* is inverta.se, which j)o.s.sc.ss<*s the power of in 
verting cane .sugar. In order to obtain invertase, A. Meyer ^ 
allowed pressed yeast to stand for some time under alcohol, to kill 
the cells. The yeast wa.s llnm free<l from alcohol ami triturated 
with .sand and water to rupture the cedis; the mpieous extract 
thus obtained wa.s filtered off and alcohol added. The enzyme 

‘ ZfAt^ch. fiir /irau., l8<S6, p. 2h|. 

Work. /Hr lirau., 1891, p. 54 '. 

^ Comfit. Urnd., cxx. 266. 

* Meyer, /Jir Lchre r. d. Fcrmctden, p. 64. 
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was precipitated in an impure condition, and su1),se(piently dried 
over sulphuric acid in a vacuum. C. (VSullivan allows pressed 
yeast to stand in a cool place until the mass liquefies ; the fluid 
portion is then filtered off, and the enzyme precipitated with 
alcohol and dried, as in the foregoin<^ process. 

The most fuvouralde t(im[)erature at which invertase exerts 
its action on cane sugar is, according to Kjeldahl,^ for top fer- 
mentation yeast 55“ to 57'' C. (131'’ to 135“ F.). According to 
J. O’Sullivan,- invertase cannot pass out of the yeast cell hy exos- 
mosis ; coiise(piently, the inversion of sugar, under nornial condi- 
tions, takes jfiace witliin the yea^t cell. 

Yeast GlUCase. — in 1866 Iloniuelot^ came to the conclusion 
that maltose sullered inversion before it was fermented by yeast, 
and noticed that when yeast was allowed to remain for several 
days in a solution of maltose saturated witli chloroform, tlie opti- 
city of the solution was diminished, presumably through the for- 
mation of glucose. Lintner,'* in studying the fermentation of 
isomaltose, surmised tliat l>otli this sugar and also maltose were 
converted into glucose by the invertase of tlie yeast before being 
fermented. E. Fisclier ^ prepared, by extracting i part of dried 
yeast with 15 parts of water at 30° to 35.3" C. (86' to 95° F.), a 
solution whiclj had the power of inverting maltose ; but he was 
unable to obtain tlie same result with ordinary commercial inver- 
tase. Lintner*’ expressed the view that the maltose inverting 
ferment was <listinct from invertjise. He olitaimal the most 
powerful action on maltose by adding powdered yeast, wdiich had 
been dried at a temperature of 40' C. (104" F.), to a solution of 
this sugar. The aipieous exlmct from tln^ same jiowdered yeast 
exhibited much less activity, and the substance olitained by pre 
cipitation with alcohol still h‘ss. E. Fischer" showed that the 
enzyme was alrea«ly present in the yeast cell, and was not formed 
during the process of drying, for on allowing onlinary yeast to act 
upon solutions of maltose which contained either 2 per cent, gf 
thymol or 3 })er cent, of toluene (avlded to arrest alcoholic fermen- 
tation), considerable (piantitics of glucose were formed. 80 long, 
th(‘refore, as yeast is moist and fresh, the invertive action takes 
place within the cells. 

M6libiaS6. — It has long been known that the top fermenta- 
tion yeasts were unable to ferment more than a third part of 
uielitriose (raifinose), hut that the bottom fermentiition yeasts were 
able to ferment this sugar completely. From this it wvuild appear 
that the low yeasts contain an enzyme which is capable of invert- 
^ug ineli])iase (see p. 86) which the top ones do not possess. That 
tills is actually the case was demonstrated experimentally by 

^ Citrlsb. Lab., i. 3J^2. ^ Prorfofiinjs nf the Chemic al Sor/Hy, iSoi, p, 124. 

ourn. (/. V Anatomic ft Pfiys., 1866, p. 180. /rit. f. Pr,ni., 1S02, p. 107. 

® Jierichic, 1S94, p. 29S6. ® Zeit. f, lirau., 1S94, p, 415. 

^ Ikrkhtf, 1S95, p. 1429. 
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Baii,^ who called the enzyme “ melibiase.” Melibiase, like yeast 
glucase, is a comparatively insoluble body. 

Other Inverting: Enzymes.— It is almost certain that other 
enzymes are conhiined in such yeasts as the I rohberg varieties or 
the Schizo-sacc. Pombe, since these are able to invert some of the 
higher dextrins. It lias been shown by E. Fischer that Moyiilia 
mndida^ which was supposed to be able to ferment cane sugar 
without previous inversion, contains in its protoplasm an insoluble 
enzyme which can effect the inversion of cane sugar. 

THE CHEMICAL COMPOSITION OF YEAST. 

Since yeast, under the older theories, was regarded as a putrefying 
substance which merely communicated a portion of its own internal 
motion to the fermentable substance, and neither gave off anything 
from itself to the fermenting tluid nor took up anything from the 
substances dissolved in that Iluid, a detailed knowledge of its com- 
position was comparative!}' a matter of imlitrerencc ; consequently, 
the older analyses of yeast were mostly conlined to a determina- 
tion of its elementary conqaisition. But w'hen yeast was found to 
be a living organism, that not only derived its nutriment from the 
bodies contained in tlie fermenting Iluid, but which also added its 
own excretions to that fluid, then it became necessary to extend 
this simple form of analysis, and to isolate and determine as far 
as possible the nature and composition of the various groups of 
substances which entered into its composition. In this way che- 
mises endeavoured to study the relations subsisting between the 
structural compounds of yeast ami of those sul)stanccs wdiich form 
its nutriment, much in the same way as an agrictiltural chemist 
.studies the relation between the constituents of j»lants and those 
of the soil. Numerous investigations have been made in this 
direction, but the subject is one of considerable intricacy, for the 
examination (ff y(!ast, in ad«lition to the inherent dithculties of 
this kind of analysis, presents .some obstacles which are peculiarly 
its own. Yeast is always more or le.ss contaminated with foreign 
impurities, and before it can be analy.sed with any degn*c of exac- 
titude, these must be removed. It is genmully sought to effect 
this object by washing with water, but in so doing some of the 
.soluble constituents of the yeast are invarialily dissolved and 
removed by the wash-water, whilst at the same time water 
absorbed by the yeast, the result being an apparent lowering oi 
the amount and alterati<m in the proportions of its various consti- 
tuents. Moreover, yc*ast is a body whose chemical composition 
is in a perpetual state of change, and, consequently, analyses of the 
same yeast made at different times yield dissimilar results. The 
varieties of yeast which have invariably been chosen for investiga- 
tion in this way are the high ami low fermentation forms of the 

* Woch. f. Brau.f 1895, p. 24. 
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Saccharomycea cerevisice. Little is known about the composition 
of other varieties of yeast, such as the Sacc. ellipsoideus^ apiculatus^ 
or of the bacteria. 

The Elementary Composition of Yeast.— The yeast cell 

consists of water and solid matter, the former constituting about 
80 per cent, of its weight. The solid substance consists of carbon, 
hydrogen, o.xygen, nitrogen, and sulphur, together with a small 
quantity of mineral substances (ash). The results of a number of 
elementary analyses of the dry .substance of yeast, which was in 
each case freed from foreign substances by washing, are appended: — 



.Mltacherlich. 

Schlossberger. 

Dumas. 

IVagner. 

Mulder. 









High 

High 

I/lW 


High 

Low 

High 


Yeast. 

Yeast. 

Yeast. 


Yeast. 

Yeast 

Yeast. 


Per Cent. 

Per 

Per 

Per 

Per 

Per 

Per 

j 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent 

^ Carbon . 

470 

49-9 

4^.0 

50.6 

49.8 

44.4 

50.8 

Hydrogen 

6.6 

6.6 

6-5 

7.3 

6.8 

6.0 

1 7.2 

1 Nitrogen . 

10,0 

I 2 .t 

9.8 

15.0 

9-2 

9.2 

1 II.I 

: Oxygen . 
Sulphur . 

35 .« 

0.6 

3'-4 

7 

>?’! 

37- 1 

,34.2 

35.8 

7 


These analyses, as miglit be expected, exliibit considerable 
diftercnces, but the most striking feature of tlie composition of 
yeast is the large amount of nitrogen which it contains when com- 
pared with that found in other plants, Land even in those belonging 
to the same genus. The common mushroom (Ayaricus campestris)^ 
which has been found to contain from 7.26 per cent, to 7.33 per 
cent, of nitrogen, approaches it most nearly in this respect. 

According to the analyses of yeast by Hayduck, the amount 
of nitrogen it contains may vary from 4 to 10 per cent., and this 
quantity may be altereil at will by growing the yeast in a fluid 
poor or ricli in assimilable nitrogenous food. 

Wijsmann ^ found that tlie amount of nitrogen contained in 
yeast is in a constant state of variation. When 10 grammes of 
yeast, which contained 7.09 per cent, of nitrogen (reckoned on the 
dry substance), were added to a litre of malt wort, the nitrogen 
increased in tlie course of an hour to 9.9 per cent., in two hours it 
bad slightly decreased to 9.6 per cent., and in three houi*s it was 
9-55 per cent. In another experiment, where yeast was added to 
<^r(linary service-water containing in solution 0.7 per cent, of pep- 
tone, the 6.36 per cent, of nitrogen originally present in the yeast 
increased in ten minutes to 7 per cent., in fifty minutes to 7.08 per 
cent., and in eighty-five to 7.22 per cent. In further experiments 
yeast was added, in tlie one case to service-water containing in 

' The nitrogen of the dry substance of ordinary plants ranges from 0.3 
to 4.5 per cent. Eberinayer, Phyu Chem, d, Pf^amen., i, 47. 
f. Brau., 1891, p. 1887. 
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solution 0.25 per cent, of nsparagine and o. i per cent, of potas- 
sium sulphate ; in the other, to a similar solution in which 3 per 
cent, of cane sugar had been dissolved. Tlie amount of nitrogiui 
of the original yeast (6.88 per cent.) varied in the following 
manner : — 

Hours. Minutes. 

2 21 

3 5 

3 40 

5 o 

Curiou.sly, when yeast wa.s immersed in a solution of acid 
ammonium phosphate, it (piiekly absorbed its maximum quantity 
of nitrogen, and this did not again di minis]), a.s was the case when 
yeast was placed in malt wort. Wijsmann conjectures that yeast, 
at the commencement of fermentation and bidorc it ex<'rcises its 
reprodiictive })Owers to the fullest extent, stores iij) a large f|uaiitity 
of nitrogenous material. It may be that this material is either 
assimilaletl by the proto|ilasm in preparation for budding, and, 
as budding proceed.^, gradually returns to its oiiginal qmintity, or 
that tlu! nitrogenous Ixxlies an* at first simply ab.sorbed in an 
\maltered coixlition, ami are afterwards nietamor})hoscd by the 
protoplasm. He coiiclmhcs, from oth(*r experiments, that acid 
ammonium phos[)hate is not absorl»ed unchangeil. In those cases 
wh(*re yeast was comj)elled to obtain its nitrogen from i)eptonc, 
asparagine, or acid ammonium phosphat**, th)* increast^ in its 
nitrogen was never so large as when it was grown in malt W(U't. 

The Mineral Constituents of Yeast. 'riie amount of ash 

found in yeast by different ob.servers varies from 2.5 per cent, to 
9.0 per cent. The following table contains a nuinl)er of analy.'^es 
of the a.sh of yeast by <lifrer<*nt (dieniists : - 


WitfuMit Sugar. With Sugar. 
I’er Cent. Per Cent. 

8.10 9.27 

7.91 9.24 

7.43 9- 55 

7.45 9-24 


High VeaBt. I-ow Yeast. , 

i Tn-m \S risBliiiT. 


Llt4iig. noehamp. 


Phosphoric acid . 
Potass iu 111 . 

Soda . 

Magnesia 
Lime . 

Iron oxide . 
Sulphuric acid ^ . 
Hydrochloric acid 


< r Cent. 

Per < ent. 

53.9 

59-4 

39- 8 

2S.3 

6.0 

8.1 

I.O 

4-3 


■r Cent. 

I’cr Cent I’er t eiil. 

54-7 

48.5 ; 53-7 

35-2 

30.6 28.6 

<'^•5 

.. i 1-4 

4.1 

4-2 , 52 

4-5 

2. I 1 2.4 

o.b 

. 1 5-0 


... j 57 

0. 1 

! 


Phosphoric acid acts under certain circnm.stances, as, ffir instance, iu tip' 
case of the ignition of a yea.st ash, as .a inop' p<iworful acid than sulphuric 
acid. The latter may conserpiontly \m partially or completely driven off, aiul 
this is the reason why its pres^-nce ha.s not been detected in a large nuniht'r 
of analyses. B^charnp took special precautions to avoid loss from this c.iu^e. 
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Tlioiigli the composition of the ash of yeast, as portrayed by 
the above analyses, varies considerably, yet these analyses all show 
that the most abundant of its constituents are phosphoric acid and 
potash, substances which have been proved to be indispensable in 
tlie nutrition of all the higher plants. The next body which occurs 
in fairly large quantity is magnesia, and tliis is also an indispen- 
sable substance. Lime and iron appear in smaller quantities (the 
large amount of iron shown in the analyses by Bt^champ was pro- 
bably due to contamination), an<l it is doubtful if the latter sub- 
stance is an absolutely necessary constituent of yeast. Niigeli ^ 
considers that the potassium salts are «lissolved in the cell-juice, 
whilst those of the alkaline earths arc contained in the more solid 
tissues. In all the lower fungi it is .supposed that the potassium 
bases are unit«*d with })hosphori<? or an organic acid, tlie }H)tassium 
being in combination with i)hosphoric. acid in the cell-juice as 
hydrogen-dipotassium phosphate (11 K.JM )^),a portion of the alkaline 
eartlis are assumed to exist as jihosphates in the plasma, whilst 
other jiortions are (hi])Osited as ccmqxumds of organic acids (oxalic, 
Ac.) in the cell-membrane. 

Differentiation of the Different Groups of Com- 
pounds Occurring* in Yeast. -The .solid matter of yeast 
may 1)0 divided into two principal grouj>s, the nitrogenous and the 
lion-nitrogenous. <*ach grouj) being sulidivide<l into several members. 

Yeast Cellulose. l’>y the almo.st universal consent of all 
o))servers, the einadoping membrane of the yeast cell, like that 
of all other vegetabh' cells, consists of a variety of cellulose. Its 
amount haslicen estimat<*d as forming from 18.5 ]tercent. (Pasteur) 
to 32 per cent. (J*((j/> )i) of tin* tlry y«*ast substance, the wide dilfer- 
ence in the amounts given by various ob.servt'rs ])eing undoulitedly 
due to th(i extronn* (‘ase with whicli cellulos(‘ undergoes alteration. 
It is very readily convoricd into sugar, an action which appears 
to take plao(‘, iTaturally sometime.s, as in the spontaneous fer- 
mentation w'hieh oeeurs in yeast when it is dej)rived of nutri- 
ment. Selilos.sberger, hy treating y»‘ast alternately with soliitiiUi 
of eaiistic jxitasli and acetic acid until nothing further was dis- 
•^olved, and washing with water, obtained a residue of the following 
^‘f'luposition - 


Carbon . 
Hydrogm 
Nitrogen 
Aish 


Tor Cent. 

44 9 
6.7 

0.5 

l.l 


Ibis corre.si)omls with the eonqmsitioii of an impure cellulo.se. 

Pasteur, on treating yeast with dilute siiljdiuric acid, found an 
'buount of .sugar produced wliieli corresponded to 18.5 }>er cent, of 
lulose. It is thought by some, observers that the cellulose of 

' Sitz. d, bayer. Acad., 1889, Part iii. 
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yeast and of the rest of the fungi differs markedly in some of its 
properties from that of other plants, since it is insoluble in cup- 
rammonium hydrate solution, and is readily attacked by dilute 
acids. Dreifuss,^ on treating several of the fungi with dilute acid, 
alkali, alcohol, and ether, and then with concentrated caustic 
alkali at a temperature of i8o° C., obtained a residue which, on 
boiling with a dilute acid, yielded glucose. This substance, which 
he considered to be the ordinary “ plant cellulose,” was found in 
the common mushroom, Jhicinus subtilis and A.^jyevtjiUus glmicus. 
Wintersteiu ^ obtained from certain fungi, on prolonged treatment 
by Schultz’s method, a cellulose which differed considerably from 
ordinary plant cellulose. It only gave the blue or violet reaction 
with iodine and strong sulphuric acid after some time, and was 
but partially soluble in cuprammonium hydroxide. It contained 
from 1.64 to 3.94 per cent, of nitrogen, which could not have been 
derived from proteids. On hydrolysis with 70 per cent, sulphuric 
acid it yielded 65.95 per cent, of glucose, there being formed 
at the same time 12.52 per cent, of acetic acid. (iib.‘5on^ was 
unable to obtain the crystalline variety of ccdlulixse from fungi 
which he had obtained from other plants. Liel.>ermann and 
V, Bitto^ obtained yeast cellulose in a pure state by digesting 
yeast for several hours on the water-bath with a mixture of equal 
parts of hydrochloric acid ami water, to which was added a small 
(piantity of potassium chlorate. The nisidue was well washed, 
boiled for half-an-hour with 1.25 per cent .solution of acetic acid, 
and finally boiled with a 1.25 per cent .solution of potash. It gave 
the ordinary reaction of celliriose with iodine and zinc chloride 
solution. 

Yeast Mucilage. — Niigeli obtained in the analysis of yeast 37 
per cent, of cellulo.se and mucilage. This latter substance is one 
which occurs in great abundance in the .seeds of certain plants, 
such as lin.see«l, quince, ('vc. It sliows its near relationshii* to 
cellulose in teing coloured violet by io<line and sulphuric acid. 
On hydrolysis with dilute acids it yields a reducing sugar which 
is probably glucose. Tin; mucilaginous coating discovered hy 
Hansen, -which, under certain conditimi.s, forms around yeast cell.s, 
is probably of the .same nature. 

Yeast Qum. — He.s.senland obtained a gum on boiling yeast 
Avith lime, having the .^amo formula as Scheibler’s dextraii, 
C^Hj/)j^, but whicli does not .seem to be identical with it. flu 
hydrolysis Avith dilute sulpliuric acid tliis gum yielded chiefly 
D-mannose and a little gluco.se. 

Salkow.ski ® obtained, by acting on yea.st Avith 3 per cent. 

* Zeit. f. phyn. Chcmic, xviii. 358. 

* Herichte^ *893, ii. 441. 

* La Cellule, 1893. 

* Centralhlnti f Phynoloyir, vii. 857. 

® Zeit. Rilhenzurker 1 ml., 1892, p. 67 1. 

* Berichtc, xxvii. 495. 
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solution of caustic potash, and heating the resulting liquid with 
p'ehling’s solution, a copper compound of a gum. This was dis- 
solved in hydrochloric acid, precipitated by alcohol, washed witli 
alcohol and ether, and dried. In this way a line white powder 
was obtained, which in some respects resembled gum arabic. It 
had a composition of and an opticity of [a]j, = -f 90. i”. 

Acids converted this gum, of wliich the dry substance of yeast 
contained about 7 per cent., into a feebly dextro-rotatory sugar 
capable of undergoing fermentation. Salkowski considers that 
the gum prepared by llessenland’s method is a mixture of several 
substances. 

The Fat of Teast. — Yeast contains a certain amount of fat, 
which, when the cells are examined under the microscope, is seen 
in the form of bright, strongly refractive spots. jJ^iigeli estimates 
its quantity at about 5 per cent., but considers that its amount 
varies, young cells being poor, older ones rich in fat. 

Kulish ^ carefully investigated the composition of yeast-fat, 
and found it to consist chiefly of phytostearin and a glyceride of 
niyristic acid ; the glyceride of another acid, the nature of which 
he was unable to determine, also occurred in small (piantity. The 
formation of fat in yeast takes place most rapidly when yeast re- 
production j)roceeds most actively, and when yeast is supplied with 
an abundance of oxygen 

Glycogen. —This carbohydrate, which has been long known as 
one of the normal constituents of the animal liver, is found in 
yeast. In a pure condition it is a white powder, having the com- 
position QjHjyOr,, reatlily soluble in hot w’atcr, with which it forms 
an opalescent solution which does not reduce Fehling’s solution. 
Glycogen is readily converted into glucose by boiling with a dilute 
acid ; the enzymes ptyalin and diastase both convert it into a 
reducing sugar. 

An aqueous solution of glycogen is coloured reddish-brown by 
iodine solution, a reaction by which the presence of glycogen 
may bo readily detected in yea.st cells. Laurent,- who studied the 
formation of this substance in yeast, found that it was produced 
as a reserve material, and that it might sometimes amount to 32.6 
per cent, of the dry yeast substance. It could be formed by yeast 
from the salts of either lactic or succinic acid, from ammonium 
succinate, glycerin, glucose or cane sugar, dextrin, as})aragine, Ac. 
According to Max Cremer,^ fre.sh yeast cells, when treated with a 
dilute solution of iodine in pota.ssium iodide, exhibit the glycogen 
reaction in a marked degree, but yeast-cells which have been 
starved, such a.s those which have undergone spontaneous fer- 
mentation, are only coloured pale yellow. If the starved cells 
be placed in a solution of glucose, fructo.se, or cane sugar, the 

^ HVm6aM u. Wrinhantfcl, 1891, p. 250. 

* Jiotfinische Zeit., xlviii. 719. 

* Zcit.f. Biologif, xxxi. Part ii. 
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glycogen reaction can bo again detected. He was unable to observe 
the forniation of glycogen in similarly starved cells wlien these 
were introduced into a solution of one of the ])entoso sugars, or 
of glycerin, or of milk-sugar, all of which substances are unfer- 
nientable by ordinary yeast. 

The Nitrogenous Constituents of Yeast. — As with the nitro- 
genous bodies of all other organisms, much uncertainty prevails 
wdth regard to tlie nature and eaunposition of those of yeast, and 
though many attempts have been mad<‘ from time to time to 
increase our knowledge in this direction, very much yet remains 
to be done. 

Sehlossberger ^ attempted to isolate the nitrogenous compounds 
of yeast by treating it with a dilute solution of caustic alkali, 
and neutralising the filtered liquid thus olitained with an acid. A 
substance came down in the form of a llocculent preci[)itate ; it 
contained no ash, and had th<^ following conqiosition : — 


Carbon . 
Hydrogen 
Nitrogen 


I’cr Cent. 

55-5 

7.5 

13-9 

0.0 


It is to be assumed that the remainder was oxygen. This sub- 
stam'c, from the small aimmnt of nitrogen which it contains, does 
not appear to be a normal albuminoid ; it corresponds closely in 
compO'ition with a Iwaly fouml by Sehiitzenbergm’ - amongst the 
products of tlie hydrolysis of albumin by dilute sul])buri(‘- acid, and 
calhal by him “ hemi-prolein,’' hut which is now known as “anti- 
albumid.’’ Mnlder, hy trr*ating yeast with acetic acid, liltering off 
the resnlting lifpiid and precipitation with ammonium earlionate, 
ohtiined a body more in^arly resembling alhuinin in conqiosition : — 


Per Cent. 

Carbon . , . . 5 ^.3 

Hydrogen ...... 7,0 

Nitrogen ...... 16.0 

According to the. investigations of Niigeli anil Lbw,* the jdasma 
of a young yeast (whicli «‘ontaim‘d nearly 12 |>er c(*nt. of nitrogen) 
yielded ahout 75 per cent, of proteids and about 2 jier cent, of pep- 
tone. Tliey state that during the gradual series of clianges whicb 
yeast cells undergo previous to dying, the whole or nearly the 
whole of the jiroteids are traiisfurme.d into peptones.^ They give 

^ Ann. d. Chtvi. n. J^harm., xi. 199. 

- find. >%c. Chim., xxiii. and xxiv. 

Sdz. d. hayer. Acad., 1878, Tart ii. 

** liy pfptonitj iH meant in thin cane Htd)Rtance8 precipitated by le»d 
acetate. 
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the following analysis of a sample of yeast which contained 8 
per cent, of nitrogen : — 

Per Cent. 


Cellulose and mucilfige 37 

P t 'fl ' / AU>umin • 3^ 

1 ro ei s I Substance resembling gluten-casein 9 

Peptone 2 

Fat 5 

Ash 7 

Extractive matters 4 


The 4 per cent, of extractive matters were not precipitable hy lead 
acetate ; they contained a peptone-like body, small quantities of 
invertase, leucine, glucose, and still smalh^r quantities of glycerin, 
succinic acid, guanine, xanthine, .sarkinc, alcohol, and probably 
traces of i nosite. 

Nuclein. — This proteid, which .seems to be a normal constituent 
of the nuclei of cells, has been isolated from yeast by treating it 
for a short time with a 5 per cent, .solution of caustic pota.sh. The 
resulting solution is filtered into dilute hydrochloric acid, the pre- 
cipitate which forms is washed finst with dilute hydrochloric acid, 
then with alcohol, boiled several times with alcohol, and finally 
dried over sulphuric acid. Thus obtained, it forms a white amor- 
})hous [lowder, insoluble in water and dilute acids, and readily 
soluble in dilute alkalies. When boiled for a considerable lengtli 
of time with water, the greater portion of it is transformed into 
phosphoric acid and xanthine bodie.s. When fused with .'^odium 
carbonate, and nitrate, it yi(*Ids a ma.ss containing phosphoric acid 
in large amount. Its ]>robablc compo.sition, according to Miescher, 
is Nuclein is distinguished from the rest of the 

proteids by the large amount of phosphorus which it contains (9.59 
per cent.), and by the extreme resistance which it offers to the 
hydrolysing action of pepsin. It gives an indistinct xantho-proteic 
reaction, but gives no reaction with Millon’s reagent According 
to recent view.s, nuclein i.s a compound of nucleic acid (a compound 
of albumin and phosphoric aci<l) with <»ne or more of the xanthine 
bodies. 

Specific Gravity of Yeast. — Guiebard ^ found the sjiecific 
gravity of yea.st to bo from 1.180 to 1.183 ^ temperature of 16’ 

C. (6GF.). 

Products of the Putrefaction of Yeast , — The.se are of 
practical interest to tlie brewer, since putrefaction, of yeast occa- 
^^loiially takes place in beer, the com])osition and properties of 
which it may affect if, as is .sometimes the case, the beer is allowed 
to remain for a long time in contact with imtrefying yeast. j\ruller - 
obtained, on adding calcium hydroxide to liquid putrefied yeast, a 
precipitate wliich, wlieii distilled with dilute sulphuric acid, yielded 

* Bull, Soe. Chivi.y 1894, xi. 230. 

’ Journ. f, <prakt. Chtmic, Ixx. 65. 
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a number of volatile acids. These were purified by conversion into 
their barium, sodium, or silver salts. Acetic acid was found in 
large, butyric acid in moderate quantity, also in smaller amount 
caprylic acid, together with traces of the higher acids of the same 
series. On distilling the liquid from which the precipitate had been 
obtained and collecting the distillate in dilute hydrochloric acid, 
and purification of tlie salts thus oldained, ho was able to identify 
ammonia, trimethylamine, etliylamine (probably), amylamine, and 
caprylamine. This probably explains the formation of the methyla- 
mine sometimes found in wine. Lactic acid was also present, and 
this is not surprising, as yeast is often contaminated witii lactic acid 
bacteria. Tyrosine crystallised out in chalk-like masses, and leucine 
M'as also found ; both of these btulies are found amongst the 
products of tlie liydrolysis of allnimin Ijy dilute sulphuric acid. 
Bodies of a fusel-oil- like nature were also found, the principal 
one being amylic alcohol, and this lends some probability to the 
view held by some that fusel-oil is a body produced by the yeast 
when in a moribund condition. 


THE ACTION OF DIASTASE ON STARCH. 

This is a subject of the most ]>rofound importance to tlui 
brewer, for the products of the action of diastase upon starch 
differ widely, according as the circumstances vary under which 
these two Ijc^dies are allowed to interact, and the products formed 
in this way have an immense influence on the character of the 
finished beer. 

The subject is one wdiich has attracted an enormous amount 
of attention for a long series of years, and which has led to many 
differences of opinion amongst observers. Even at the present 
time these are far from boing reconciled ; and although our know- 
ledge in recent years has made consiilerable progress, much yet 
remains to l^e explained and established with certainty. 

In the (q)ii)ion of tlu^ earliest ob.servers, the transformation 
which took place when diastase acted uj)on gelatinised starch was 
that the starch molecule simjdy \inited with a molecule of water, 
and formed glucose according to the following equation : — 

C«Hi„ 05 -f H./) .= CflHiaOtf 

Starch. W’atcr. OIucobc. 

Later on it was found that another body, dextrin, was in- 
variably produced in all .%tarch transformations ; and for a long 
time it was comsidcrod that the substance first j)roduced was 
dextrin, this becoming afterwards converted into glucose. Acconl* 
ing to this view, dextrin is a body intermediary between starch 
and glucose. 
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In i860 Musculus^ brought forward evidence to show that 
this was not the case, but that in all starch transformations, be 
they effected cither through the agency of diastase or of dilute 
acids, dextrin and glucose were produced simultaneously. 

This view, though it was strongly controverted at the time it 
was brought forward, is the one which has survived, and which, 
in an extended form, has been found by the majority of workers 
on the subject to afford the best explanation of the observed 
phenomena, 

Miisculus was led to believe tlnit the conversion invariably 
took place according to the following equation : — 

3C<jHio 05 + HvO — CflHiiiOfl -f 2 C(jH]o05 
starch. Water. Glucose. Dextrin, 

that is, from every three molecules of starch two molecules of 
tlcxtrin - and one molecule of glucose were formed. 

Other observcr.s, however (Aiyew, Guerrin-Varry, Balling^ 
Dnhrimfwit)^ in their experiments, obtained the two bodies dextrin 
and glucose in i)roportions widely difFering from those which are 
recpiired by the above equation. 

In 1870 Schwartzer^ })ointed out that these discrepancies were 
canse<l by the oliservers not having taken into account the different 
teTn])eraturca at which the various starch conversions had been 
effected. He found tlmt if the a<*tion w('ro allowed to jwoceed 
at any temperature between o" to 30“ C. (32'’ to 86° F.), the 
products of the transformation were in the ratio of one molecule 
of dextrin to one molecule of glucose, according to the following 
eipiation : — 

2CflHi„05 t HjO = CdlioOs + Cdb-A 

Starch. Water. Dextrin, Glucose. 

But if the process was conducted at a tem})eraturc above 60° C. 
(140'’ F.), two molecules of dextrin to one molecule of sugar were 
produced, thus; — 


SC^jHjoOr, 4- H^O -- 2C,5Hio03 -}• 

Starc^h. Water. Dextrin. Gluco.se, 

So far it had been considercil that in all starch transformations 
u'lt one dextrin was ])roduced, but in 1871 Griessmayer "* con- 
cluded from his experiments that two dextrins were formed ; 
fkese he designated “Dextrin Land II.” The following year 

' fim. aim. Fhy,. (3), Iv. 203. 

‘o V IT ^ starch and dextrin molecules at that time were regarded 

.j® boO[i, which wa», of course, an erroneoua assumption. 

4 prakt. Chemk (2), i. 212. 

'lnn«/fn, clx. 4a 



124 


BREWING CHEMISTRY. 


O’Sullivan 1 coiitirmed this, and called the two dextrins “a” and 
In this same year Briickc- gave them the names “ery- 
throdextrin ” (^IpvOpoSf red) and “ acliroodextrin ’ (a^^poos, Avithoiit 
colour), since the first was coloured red by iodine, and the latter 
gave no colour Avith that reagent. This nomenclature has been 
retained to the present day. O’Sullivan carefully examined these 
two dextrins in the following manner : — 

Starch conversions were ma<le in some cases by the agency 
of diastase, in others by that dilute suli)huric acid ; the action 
being stopped sometimes when the conversion gave a deep Iwownish- 
red colour with iodine, at other times wlitui this reagent had ceased 
to give a colour. In those cases in which the conversion had been 
efiected with diastase, the further aid, ion of the enzyme was arrested 
by simply boiling tlui solution; in those in which sulphuric acid 
had been employed, by removing the. acid l)y barium hydrate. 

After the conversion the solutions wen* in each case evaporated 
to a small bulk, and strong alcohol (sp. gr. 0.830)^ a<lded in consider- 
able quantity. The precipitat(‘ of impure dextrin thus obtained 
was further purifi(“d by ])eing dissolv(?d in water, ami again pre- 
cipitated with alcohol, the re-solutioii and re-precipitation being 
ret>eated in some cases as many as thirty times. In this way 
four preparations of dextrin W(‘re obtained, having the following 
opticities and reducing powers : — 

rt. [a]j = + 204* K - S.s I 0. [a]j - + 204'' K = 9,0 

h. [ajj -f 205 ' K - S.5 | </. [ajj i 198' K - 9.0 

a 'vas obtained by the action of malt extract ; h l>y that of dilutii 
sulphuric acid ; c l)y that of oxjilic acid ; d was })repared Avith 
dilute sulphuric acid, the action in this case Ixung alloAved to 
continue over eight hours. It Avas evidfiit that in all these casi's 
a considerable, ipiaiitity of some substance having a reducing 
action upon Fehling’s solution Avas present, and in onler, if |)ossiblc, 
to .still furth(!r remove thi'', solutions of each of the abovi* prepara- 
tions Avere dissolveil in Avater, and Hubmitt<*cl to f(5rmentation Avitli 
yeast. When the ferimmtation had ceased, the Ikpiid Avas iiltercd 
off, reduced to small bulk, and alcohol added. Tlio dextrin thus 
obtained Avas several times dissolved in Avater, and re-|)reci])itat(‘(l 
by alcohol. The last ])r(*cipitate, after beitig Avashed twice or 
thrice Avith alcohol, Avas pressed betAveeii folds of filter-j)aper, and 
finally dried in a vacuum over sul|diuric acid. The dextrins 
obtained in this Avay Avere Avhite, semi-crystalline, highly hygrc- 
scop)ic powders, not ]>erceptibly .soluble in cold alcohol of s])ecilic 
gravity 0.82, but readily soluble in Avater ; and when one of these 
dehydrated dextrins was di.s.solved in water, its solution Avas accoin- 

* Journnl of the Ulumirtil Society, xxv. 579. 

Wien. Acad. Jhrickt (3), Ixv, 126. 

* Thi^ would contain 87 per cent, of alcohol and 13 per cent, of water by 
weight. 
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paiiied witli evolution of heat. The following table exhibits the 
opticities and reducing powers of eight preparations made in this 


11 

J. 1 

+ 2 13. o'* 

K - 2.03 

t. [alj r: 

+ 212.7“ 

K = 1.40 

/. [a]j - 

-f 212.0“ 

K = 2.20 

i- la]j = 

-f 213.0“ 

K =: I.I5 

g. [a]j = 

212.7'’ 

K - 1.24 

k. [ajj = 

+ 213,5“ 

K = 0.80 

A. [a]j - 

+ 213.1'' 

K - 1.20 

L [a]j = 

+ 214.0“ 

K = 1.03 


e, /, and g are from the product of the action of diastase on 
starch-paste, the transformation being stopped when a portion of 
the solution, after being allowed to become cold, gave a reddish- 
brown colour with iodine (erythro-dextrin). h and i were pre- 
pared in the same way, tlie action being arrested wlien iodine 
ceavSed to give any coloration (achroo-<lextrin). j was obtained 
from a transformation eirectcd by dilute sulpliuric acid, the acid 
being removed when ioiline. gave a reddish-brown colour (erythro- 
dextrin). k was produced similarly to y, witli the exception tliat 
the acid was removed wlien iodine ceased to give any colour 
(achroo-dextrin). I was obtained by the action of oxalic acid, 
the action being stopped when the solution gave a reddish-brown 
colour with iodine (erythro-dextrin). Oxalic acid was found to 
bo very much slower in its action than sulpliuric acid. 

O’Sullivan concluded from these results that all the eight pre- 
parations, if they could have been obtained in an absolutely pure 
condition, would have had no reducing action on Fehling’s solution. 

Elementary analy.ses were made wuth both the dextrins (erythro- 
and achroo-) after they had been jierfectly freed from moisture in 
a current of dry air at ioo“ C. (212" K.) ; the results of which 
proved in a fairly conclusive manner that the composition of both 
was Cgllj/)^. 

It was found, on further treating any one of these dextrins- 
with fresh malt extract, that its reducing power (K) gradually 
increased to 66, and its rotatory power fell to [a] j + I5o^ When 
this stage had been arrived at all further action ceased. This re- 
markable stojijiage of the action when a K of 66 had been reached 
was (piito inexplicable, and led O’Sullivan to study the charactera 
of the reducing body. The serious discrepancy between the results 
of experiments a, h, r, with those of </, in which, though the 
reducing powers of all the four were practically the same, there 
was a ditlerence of some 6° or 7" in the opticity of d, pointed to- 
the presence of some reducing body with a much higher opticity 
than glucose. This body proved to be maltose. 

In 1875 Bondonneau,^ presumably in ignorance of O’Sullivan’s 
o ^servations, described three dextrins a, /^, and y ; but as he was 
^till under the impression that the sugar formed in the reaction 
was glucose, it is extremely probable, as pointed out by O’Sullivan, 
that the dextrin y was an imaginary body, and that its supposed 

^ Compt. litnd., Ixxxi. 972 ami 1210. 
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presence could be accounted for by taking into account the correct 
reducing power of maltose. 

Discovery and Rediscovery of Maltose.— De Saussure 

in 1819^ isolated a hitherto unknown sugar from the hydration 
products of starch and described its crystalline nature. In 1847 
Dubrunfaut^ further examined this new sugar and named it 
“ maltose.” He found it had an opticity three times as great as 
that of glucose, and that it was the sugar first formed when starch 
was acted upon by dilute acids. He described it as a crystalline body 
much less soluble in alcohol than glucose. Strange to say, these 
facts seem to have lapsed into comparative oblivion until O’Sullivan 
rediscovered and fully satisfied himself as to the existence of this 
sugar in 1872.^ He prepared it in the following manner, retain- 
ing the name “maltose” given it by Dubrunfaut 

A conversion was made with 100 grammes of malt-starch at 
40** C. (104° F.), the action being allowed to proceed for three 
hours. The solution was then boiled and filtered, the filtrate 
evaporated at a temperature of 80' C. (176^ F.) to 300 c.c. The 
syru[) thus ol)tained was boiled with tw«) litres of alcohol of a 
specific gravity of 0.83, ami allowed to cool. The clear liquid 
was then poured off from a syrup which was precii)itated, and 
put on one side in a corked flask. At the end of six days the 
sides of the fla.sk were covered with a crystalline crust, a portion 
of which, after being dried at 100“ C. (212^ F.) and di.s.solved in 
water, was found to {>o.s.sess an oj)ticity of [a]j = -f 150 and a 
reducing power (K) of 65. He further found that the sugar was 
diffusible, and all attempts to further re.solve it into other bodies 
by dialy.sis failed. 

Further investigation by Schultze ami Uhrich'^ confirmed the 
correctness of O’Sullivan’s ol>servations with reference to maltose. 

O’Sullivan’s Further Investigrations.— In 1876^ O’Sul 

livan published an account of a further series of investigations on 
the action of malt-extract on starch. lie concluded from a number 
of experiments, of which tin; following is an example, that nialh'se 
and dextrin are the only products of the action of malt-extra(U on 
starch ; — 

One hundred grammes of potato starch were intimately mixed 
with 200 c.c. of water at 55 ’ to 60' C. (131^ to 140' F.), and then 
400 to 500 c.c. of boiling-waUjr a<lded with constant stirring. In 
this way a thorough gelatin i.sation of the starch was secured. The 
mixture was then cooled to 60" C. (140'’ F.) and the cold water 
extract‘d from 10 grammes of pale malt added. In five or six 

1 Ann. Chim. Phys., xi. 379. 3 /hid. (3), xxi. 178. 

3 Journal of tke VhemictU xxv. 579, 

* BeriehtCy vii. 1047. 

® Journal of the Chemiad Society, 1876, ii. 125. 

® Made by mixing finely ground pale malt with water, allowing the mb' 
tnre to stand for some hours at the ordinary tomfHsratiire, and then filtering 
off the cle&r solution. 
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minutes the paste dissolved, and the resulting solution was rapidly 
cooled and hltered. It was now examined, and found to have 
an opticity of [ft]j3.M5+ 170.8° and a reducing power (K) of 44, 
which figures are nearly ecjuivalent to those of a mixture of 
67.7 per cent, maltose and 32.3 per cent, dextrin. After being 
slowly evaporated the solid matter in solution had an opticity of 
L“]j')-85 169. i°and aK of 45.81, which are nearly equivalent to those 

of a mixture of 70.5 per cent, maltose aiul 29.5 per cent, dextrin. 

A comparison of the figures actually obtained with those found 
by calculation for such a mixture show a very close agreement : — 

ObfteiTcU. Calculated. 

170.8“ 170.6“ 

169.1“ 168.9“ 


This tends to tlie assumption that maltose and dextrin alone are 
produced. 

The solution was then evaporated to a thick syrup, placed, 
while still hot, over sulphuric acid in the bell jar of an air-pump, 
and the air slowly exhausted. In a few hours a white, l)rittle, 
highly hygroscopic porous ma.ss was obtained. Tliis was powdered 
and boiled with twenty time.s its bulk of alcohol of specific gravity 
0.83. On cooling theli(piid separated into two j)ortions, A a thick 
syrup which fell to the bottom, and B a clear supernatant solution. 
This latter (R) was poured off and submitted to distillation. The 
resulting concentrated solution, after standing for a few' days, 
crystallised to a solid mass, wliich was furtlier purified by repeated 
re-crystallisation from alcohol. After being dried in a vacuum 
and then at 100° G. (212° F.), the crystalline substance was found 
to have an opticity of [rt]j;?.s.'. + and a Kg.^- of 66 to 67. 
When submitted to fermentation by yeast it was found to be 
entirely fermentable, yielding 51.5 per cent, of alcohol. The 
substance was evidently, therefore, maltose contaminated with 
malt-extract bodies. 


Tlie residual syrup had an opticity of [a]j + 185.5" and a K of 
26.66, figures which approximate to those for a solution of 41 per 
cent, malto.se and 59 per cent, dextrin. The opticity calculated 
for .such a mixture is [ajja-jc, = + 187.76°, or 2.26° Iiigher than 
that found ; this discrepancy was attributed to the insolubility of 
portion of the malt-extract in alcohol. 

The syrup A was evaporated in a vacuum to the solid state, and 
treated with alcohol in a similar manner to R ; it separated into 


^ syrup and a solution. The clear alcoholic solution yielded 
maltose. The solid matter of the precipitated syrup was found 
to have an opticity of [ajja-gr, -e 197.5 a K of 15.99, figures 
^uivalent to 24.6 per cent, maltose and 75.4 per cent, dextrin. 
The opticity calculated for such a mixture is [«]j3 8.r . -h 198.2. 

same operation was repeated several times with the syrup ; 
ho portions taken up by the alcohol were found in every case to 
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be maltose, wliil.st tlie resiilUnt syriilfs appeared to bo mi.\ture.s 
of maltose and dextrin, the latter constituent gradually incieasing 
on each successive treatment. When the stage had been readied 
which showed a K ci^ual to lo or 1 2 per cent, maltose, it Ava.s 
found almost impossible to carry the separation further ; but the 
opticities and ciijiric reducing powers in all cases invariably pointi‘d 
to the niixtun* consisting of maltose and dextrin only, this may 
be seen from the accompanying resnlts, selected from a numerous 


series : — 

Optieity Observoil. K3 

[alja-s.-, + 204.6" 9 

[a)j.b 85 + 205.5" 8 

[a]j8.,s.-> i 203.7" 10 


Maltose. Calculated Optieity. 
13.8 205.17" 

12.3 206.13" 

15.3 204.21" 


(I’Sullivan concliuled from tlie re.sults of these experiments, and 
from those of numerous others performed under a great many 
varying conditions, that as all that portion which was soluble in 
idcohol was maltnse, and since tin; cdinparison of the numbms 
actually found with those obtained liy calculation invariably showed 
that, besides maltose, dextrin is the only other body presmit in 
the portion in.s<*luble in alcohol, these two bodies must be, there- 
fore, the .sole pro«lucts of the actic)n of diastase on starch. 

Cold Malt -Extract is without Action on Ungelatinised 
Starchd— AVhen a known weight of potato-starch was mixed with 
cold malt-extract, and at the end of twenty- four hours the li«iiiid 
tiltercMl otr, it was fouml unaltered in specitic gravity. Had tlierc 
been any action, maltose and dextrin would have })assed into solution, 
and these would have’ raised the sjiecitic gravity of the flui<l. 
'the starch, after being filtered off, washed, and dried in a vacuum 
for thirty-six to forty hour.s, was also found to have not hest 
weight. When, in a similar experiment, water-free starch wa.s 
employed, a considerable rise of temperature wa.s observed nu 
mixing the starch and malt extract, and tiie latter was found to 
have increased slightly in specific gravity. The starch, howevr, 
after being dried had not lo.st weight. When ilohydrated stairli 
was mixed with cold water, a similar rise in temperature tonk 
place, and tins must be attributed to the chemical combination ol 
water with the starch; hence the slight increa.se in gravity of the 
malt-extract was due to the loss of the small quantity of wah i 
which had enten*d into chemical combination with the starch. 


Starch is Dissolved by Malt-Extract at the Temperature 
at which it Gelatinises, or a few Degrees Lower. — It was fouiul 
that on adding malt-oxtra(;t to stari;h ami grailually raising the 
temperature, a porti«>n ilis.solved at one point, a furtlnu- portion 
a higher stage, and s«) on. Complete solution was eflected u'ltli 
potato-stareh at 62^' to 64“ CJ. (144” to 147'* F.). The small-grainv' 
starche.s, .such as rice, maize, &c., were found to rmpiire a m'><’ ^ 


' This ha.s byen since found only to be true so far as potatO'-stardi i'’ 
concerned ; other starches are attacked in the cold. 
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Izigher teniperaturo for tlieir perfect solution ; and in some cases 
the transforming power of the malt-extract was lost before the 
wliole of tlie starch granules had been altered ; but in these latter 
cases tliere was seldom more than 4 per cent, of the starch left 
undissolved. 

Malt -Extract Dissolves Gelatinised Starch almost Com- 
pletely in the Cold ( 10 " to 20" 0., 50' to 68 " F .).— 15 c.c. of 
malt-extract were added to 5 grammes of gelatinised starch- paste 
cooled down to 16" C. (59" E.). After standing a few hours the 
solution was filtered from an insoluble portion (whicli did not 
amount to more than 4 per cent.). The filtrate gave no colour 
with iodine. After correction for the malt-extract its opticity was 
found to bo 43*4* These figures corre- 

spond with those of a mixture of 66.7 per cent, maltose and 33.3 
])er cent, dextrin. The calculated opticity for sucli a mixture is 
[a]j., ^5-f 1 7 1.3'' ; thus the agreement is very close. These are the 
constants which (J’SuIlivau usually found when the solution was 
filtered and analysed a few hours after tlie malt-extract had been 
added. When the action was allowed to continue for a greater 
length of time, the reducing [)ower increased and the opticity 
diminished, especially when the malt-extract was present in large 
(piantity. In another case, where 4 grammes of starcli were 
treated with 15 c.c. malt-extract, ami the action allowed to pro- 
ceed for twenty-four liours, the constants found were equi^'alent 
to those of a mixture of 82 per cent, maltose and 18 per cent, of 
dextrin. In some cases constants ecjuivalent to as much as 90 per 
cent, of imiltose were obtained, in others to quantities varying 
between this and 67 per cent. The stronger the malt-extract 
employed and the more })rol()nged the digestion, the higher was the 
reducing power and the lowt*r th(‘ opticuty of the transformation. 

Influence of Temperature on the Opticity and Cupric Re- 
ducing Power of Starch Conversions effected by Malt-Extract. 
— O’Sullivan was the lirst to study in a delinite manner the 
intluence of temperature, time, and concentration on those con- 
stants in the proce.ss of starch conversion by malt-extract. 

In making conversions at varying temperatures, care was taken 
that tlie malt-extract was not used in excess, that is, in a quantity 
not more than was suflicient to ellect the transformation in from 
five to ten minutes, lie found that the action, which was at first 
extremely rapid, came to a sudden halt, and when this point had 
been reached, further action was exceedingly slow. It was found 
that the temperature at which the action was allowed to proceed 
decided to a groat extent the point at which thi.s halt took place ; 
nnd by studying conversions conducted at different temperature.^, 
fi’Sullivan came to the conclusion that the action proceeded in 
three distinct phases, to each of which ho assigned an equation, 
these he named the equations A, B, and C. 

(A.) AVhen a starch transformation, elTected by tlie agency of 

I 
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malt-extract, is conducted at any temperaturo below 63" C. (145° E.) 
and the solution filtered of! in five or ten minutes, its opticity and 
reducing power always approximate closely to [<^^3.35+ 170.6“ and 
'"'.i.sr, 44*^ respectively. These numbers corresjmnd nearly with 
tiiose of a mixture of 67.85 i)er cent, maltose and 32.15 per 
cent, dextrin. In the series of experiments which led to this 
conclusion, and of which a large number were undertaken, the 
malt-extract was Incited to the temperature at which tlie conver- 
sion was to be made, then added to the starch-paste, and the 
whole maintained at that particular temperature until the ter- 
mination of the transformation. The filtered solution gave no 
colour with iodine. The following, taken from a large number 
of similar ('xperiments, are given as examples. In (a.) the trans- 
formation was (‘ITected at 30' C. (86“ K.) ; (b.) at 40" C. (104“ F.) ; 
(r.) at 50“ C. (122' F.) ; ami {(L) at 60" C. (140“ i\). 


App iront [>erccntaK*.‘ 



.f Maltose. 

opt 

city 

)i»st rve<l. 

opticity OalculAted. 

(C ) . 

68 . 1 

«].i; 

s.-. -- 

-r 169.7^ 


170.4“ 

('.d . . 

67.4 1 

a|j: 

s') -- 

-i- 170.7" 


170.8" 

(s.) . 

66.7 [ 


v, “ 

s- 169.9^ 

[ajju.8.^ “ + 

171.4' 

. . 

68.3 [ 

«l.b 


0- 170.8' 

= + 

170.2' 

O’. 'Sullivan 

cumduded fi 

•om 

this 

that the 

reaction under tin 


conditions takes place ac(!ording to a definite e(piation, which he 
designates A., thus — 

A. -i- 4H,0 = 4C,jn,,()ji i 2 C 1 .II.. 0 O,,, 

Starch. ’WaUr. Maltoac*. Dextrin. ’ 


and that the ]>roduct consisted of 67.85 per cent, maltose and 
32.15 per cent dextrin. 

When tlni malt-extract i.-j not in excess, the solution can be 
kept for four or five hoiir.s at tlie tcm])eraturc at which the trans- 
formation is effecte«l without showing any great change in its 
opticity and cupric reducing power. In such an ext)erimcnt, 
where tlie solid matter of the malt-extract w'a.s ecpial to 4 per 
cent, of the weight of the starch taken, the transformation l*eing 
effected at 55' C. (131^ F.), and the .solution kept at that tein- 
jterature for five hours, the opticity was + 169.5° and 

the reducing power K 44.9. The.se number.s are nearly the same as 
those which would be given by a mixture of 68 per cent, maltost* 
and 32 per cent, dextrin. Similar re.sults were obtained in an 
experiment wdiere the digestion had Ikmui carried on for eight hours. 

When, however, malt-extract was useii in exces.s, or when it 
contained more than the usual amount of acid, the maltose on 
j)rolonged digestion ajiiieared to imu’ease very .slowly at the expense 
of the dextrin, whilst a small portion of the maltose itself was 
found to be hydrolysed to glucose. 

(B.) When starcli is di.ssolved by malt-extract at any tempera' 
ture between 64° and 68’ to 70’ C. (147° and 155'' to 158° F.), 
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tlic solution be immediately cooled and iiltered, the product in- 
variably gave constants equivalent to mixtures of 34.54 per cent, 
maltose and 65.46 per cent, dextrin ; the opticity of such trans- 
formations being about + 192.90 and the K 22.4. 

The following experiment is given as an example of numerous 
others, conducted with varying quantities of starch, and witli 
starch from different sources (barley-malt, ric(i, maize, Ac.), in 
which the apparent percentages of maltose produced never varied 
more than 2 per cent. 

Malt-extract was heated to 66° C. (15 U K) and added to 
starch-paste of the same temperature. In four or live minutes the 
solution was cooled and filtered from a small amount of insoluble 
matter (0.5 per cent.). The solution gave no colour with iodine; 
its opticity was found to be [a]j3.K£,= 192-9° and its reducing 

])ower K 22.4, numbers corresponding to those of a mixture of 
34.5 maltose and 65.5 dextrin. 

O’Sullivan considered that tlie tran.sformation is expressed by 
the following equation, which he designates P>. : — 

B. 6C,,df,,,Oio f 2ll.,0 =: 2C,oir.,.,()n i- 

.Starcle Water. Maltose. Dextrin. 

When the malt-extract was lused in excess, or when it was 
more acid than usual, and the time of digestion was i)rolonged 
several liours, an increase in reducing power and a decrease in 
opticity was observed similar to that in the case just described. 

(C.) Wlien starch is dissolved l;y malt-extract at temperatures 
from 68° to 70° G. (155° to 156° F.) to the point at which the 
activity of the diastase is destroyed, and the solution is cooled 
and filtered in five or ten minutes, the [troduets have an opti- 

of + 202.8“ and a cupric reducing power of K 11.3, 

agreeing closely with those for 17.4 per cent, of maltose and 82.6 
per cent, of dextrin. 

The following equation (C.) exhibits the change which is 
supposed to take place : — 

C. 6Ci2H2()Oi,> -t H.,0 = CisHooGi... 4 loCioH^vOj,, 

Starch. Water. Maltose. Dextrin. 

^ In numerous transformations conducted at temperatures between 
69 to 76“ C. (157“ to 167“ F.), the maltose ap[»arently produced 
did not differ by more than 2 per cent. 

Ihe dextrin produced in this transformation can also be further 
degraded by employing excess of malt-extract, and by prolonging 
tile time of digestion, as in the former oases A. and Ih 

O’Sullivan considers that tlie average quantity of malt-extract 
necessary to effect a starch conversion sliould contain solid matter 
‘■qual to 5 per cent, of the starch taken, although, as ho points 
nnt, malts differ very much in their starch-converting power. 

It is suggested that the cause of this difference in the action of 
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malt-extract on starch at varying temperatures is duo most pro- 
bably to the action of heat on the malt-extract. This may contain 
three transforming bodies — one which acts upon starch according 
to the A. equation, and has its activity destroyed at a temperature 
of 64"" C. (148“ F.) ; another which affects starch according to the 

B. equation, the action of which is arrested when a temperature 
of 68^ to 70“ C. (155“ to 158' F.) is reached; whilst that wliich 
acts in accordance with equation C. is able to survive these tem- 
peratures. 

In support of this it was found that if a portion of malt- 
extract was heated to 67’ C. (153" F.) for a few minutes, cooled 
down to 60" (140" F.), and adde<l to gelatinised starch at the 
latter temperature, the transformation was in accordance with 
equation B. and not witli A. Similarly, by heating a i)ortion of 
malt-extract to 75' C. (168' F.), and effecting a conversion at 
68' C. (155' F.), the products of the action were in accordance 
with the C. e(piution. 

Views of Musculus and Gruber. -In 1878 these observers 
published a paper ^ in which they sought to sliow that the achroo- 
dextrin (tf BrUcke, the of O’Sullivan, and tlie dextrin II. of 
Griessmayer were, not individual substances, but consisted of three 
dextrins, w'hich they designated in the following manner: — 

Achroodextrin I. . . . [a)j — t 210’ . /c 12 

Achroodextrin H . . . . fa]i •— r- 191T . k 12 

Achroodextrin III. . . . [ajj : -h 190" . x 12 

'Vhen these dextrins were isolated and treated with fresh diastase 
tlujy showed the following remarkable modifications : — 

Achroodextrin I. . . . [ajj : e 159^ . x 36 

Achroodextrin 11 . . . . [ajj ^ + 168' . k 20 

Achroodextrin III. . . . Unchanged. 

They eventually considered the No. If. dextrin to be a mixture of 
Nos. I. and III., and in the* latter portion of their paper only 
spoke of Nos. I. and HI., wdiich they called a and fS, They also 
described another dextrin, which they styled y. This was produced 
by adding fre.sh dia.sta.se to a starch conversion made at 50' or 60' 

C. (122^ or 140' F.), and alhjwing the action to proceed for .some 
time in the cold. It po.s.se.s.sed an opticity of [a] j -f 150 ', and a 
K of 28. Though these bodies were obtained in an impure con- 
dition, still the remarkable difference in their behaviour when 
further treated with di;usta.se j)ointed to striking differences in 
their respective characters. In the.se experiments diastase jne- 
pared from malt was employed. 

It was in this paper that .Musculus and Gruber first enunciated 
the theory that when starch breaks down under the agency of 
diastase, the action proceeds in succe.ssive stages ; the starch 

^ /inll. Chim.^ XXX. 54. 
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molecule splitting up first into maltose and a dextrin having a 
molecular weight nearly as high as that of starch. This newly 
formed dextrin then further splits up into maltose and a dextrin of 
less molecular weight, and so on, until the last dextrin is produced, 
which is simply hydrolysed to maltose. 

They were led hy these considerations to regard starch as a poly- 
saccharide containing the group Ci.jH2()0jq five or six times. 

Investigations of Brown” and Heron.— The view of 
i\Iusculus and Grul)er received further confirmation in the results 
of a series of experiments undertaken by Brown and Heron which 
were communicated to the Chemical Society in 1879.^ In the.se 
potato-starch was emjdoyed, which, after being purified by succes- 
.sive treatment with dilute .solution of cau.stic soda and i j>er 
cent, hydrochloric acid, was finally washed until free from all 
traces of aci<l. Great care was taken to insure thorough gelati- 
nisation of the starch \ised in the experiments. It was evenly 
mixed with cold water, and then poured into the necessary 
quantity of l)oiling water with constant stirring. After the 
solution of gelatini.^^ed starch had Iteen cooled down to the tem- 
jierature at which tlie transhu-mation was to l>e effected, the 
necessary quantity of malt-extract was dro])j)ed in either from a 
burette or a pij)ette, and the whole was then placed in a water-bath 
maintained at the required tenq^erature by means of a thermostat. 
►Since tlie authors were not .sati.sfi(*d with tlie method then in use for 
jireparing diastase, malt-extract was invari;ibly employed. This 
was prepanal liy intimately mixing together 100 grammes of finely 
ground })ale malt with 250 c.c. of distilled water, the mixture being 
allowed to stand for from six to twelve hours. The bright filtrate 
from thi.s, which was designated normal malt-extract, and which 
had a specific gravity of from 1036 to 1040 (water = looo), was 
Used in the majority of the experiments. The sj^ecific gravity, 
opticity, and reducing j)Ower were determined either before or 
after heating, according to the nature of the ex]K‘riment. At the 
en<l of each conversion the quantity of liquid was either measured 
or weighed, and its volume calculated from its specific gravity. 
All j)ortions removed for the jiurpose of testing with iodine were 
carefully moa.sured and allowed for. In those ca.ses wdiere more 
than 3 c.c. of malt-extract were used, or in which the transforma- 
tion lasted more than twenty minutes, a portion of malt-extract 
yas digested alongside, the conversion in a separate vessel, and 
ni this w'ay submitted to the .same comlitions of time and tem- 
perature as the starch conversion itself. This precaution -was 
found nece.ssary, since malt-extract was found to change rapidly 
even at ordinary temperatures ; its specific gravity and reduc- 
power increasing, and its opticity diminisliing. Malt-extract 
inpidly enters into a state of active fermentation, caused by the 
presence of various bacterial organisms. If kept at a temperature 

* Journal of the Chemical Socicti/, 1879, p. 596. 
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of 40^" to 45° C. (104'’ to 113'' F.), bacilli alone appear, and a fer- 
mentation accompanied with the copious evolution of carbon 
ilioxide and hydvoj^en <;ases makes its appearance, the chief 
product of the, fermentation beiiii^ Ijutyric acid. But the changes 
in the opticity and cliemical comlitions above mentioned do not 
depend u})on the })rese.nce of organised ferments, for the same 
changes take }>lace when the solution has been heated to a tem- 
perature high enough to }»aralyse such organisms. Malt-extract, 
after having been heated to a temperature t)f 75'’ C. (165'’ F.), 
may be kept at a temperature of 50^ (J. (122'’ F.) without under- 
going much change, and tliis shows that the alteration is not due 
to hydrolysis caused by the acids ]>res(‘nt in the malt-extract. The 
change was partly attrilnited to the action of an enzyme always 
present in malt, which [x^ssesses the power of hydrolysing the 
cane-sugar invarial)ly })ivsent in the malt-extract ; partly also to the 
action of the diastase on soim; of the starch granules which are un- 
avoidably ruptured during the process of grinding the malt. The 
contents of tliese sulVer hydrolysis and are {tartially converted into 
maltose. 

Action of Diastase on Unruptured Starch. — The previous 
ohservuations of O’Sullivan (p. i2<S) were contirmed, it being found 
that diastase was entirely witliout a(dion on unruptured potato starcli. 

Action of Diastase on Bruised Starch. — Wlien starch was 
ground up in a mortar with quartz sand or powdered glass, an<l 
then exposed to the action of malt-extract, it was readily aflected 
))y diastase in tlie cold, d'ho following are the results of an ex]>eri- 
meiit conduc'tc'l in tliis way, the bruised starch being acted upon by 
a solution containing 10 c.c. normal malt extract in (iveiy 100. c.c : — 

Mdlfi'r fonii'l in ,So/////o;f 3. 1 53 ijvdwiiip.-i. 

t'artiHH ( (urt'Hponiniiy: t<» .Mixtuiis nf 

Maltose. Dextrin, j (.'eIlnl"Si*. 

I'cr ('lilt. ! IVi'Cent. l\i (\ iit. 

83.6 I 13.9 2.5 

89. 1 i 8.5 2.4 

All the transformations had very low opticities, and wlieii 
these were comjiared with the reducing power, the two did net 
coincide with tin; as.sumption that maltc^se and dextrin only were 
pre.scnt. Thi.s discrepancy was attrilmUal to the presence of 
small quantity of starch cellulose which had passed into solution.^ 

* If has be<!n since fonml { Journal of the Chemical Society, 1895, p. 35 ) 
that this discrepancy is not dne to the cause hero stated, but to th(i fact that 
the opticity of maltose, when first produced by hydrolysis, is somewhat hyo*'' 
than when its solution has been boiled or h.as stood for a time (multirotati ai)- 


After 4 hours . . . 

’155-4 51-0 

After 20 lioiirs . . 

•152.0 54.4 
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Action of Malt -Extract upon Gelatinised Starch in the 
Cold. — This was found to be extremely rapid, for on treating a 
3 to 4 per cent, solution of gelatinised starch with 5 to io*Jc.c. 
of normal malt-extract, limpidity ensued in from one to three 
minutes ; immediately afterwards iodine ceased to give a blue 
colour ; the brown colour, however, persisted for another five or 
six minutes. When this point was reacheil, the solution could be 
filtered off quite bright and clear, and its opticity was found to be 
at its lowest point. This and the reducing power do not point to 
the apparent exclusive presence of maltose and dextrin ; evidently 
a little cellulose also goes into solution. (See previous note.) 
After a time a deposition of starch cellulose takes place, rendering 
the liquid turlud. Concurrently with this the opticity and reducing 
power slowly l)egiii to rise, arriving at their maxima in about three 
hours, when they now coincide with the apj)ar('nt presence of 
maltose and dextrin alone in the solution. The following is a 
typical e.xperiment : — 


3.7 Grai)imes of Starch, 10 c.c. Normal Malt-Extract in 100 c.c. 


rime. 



Imline Keactiun. 

5 minutes 

154.6 


Slightly brown 

15 minutes . 1 

145-6 


None 

30 minutes 

1546 


None 

60 minute.s . 

157.5 

44.1 

None 

3 hours 

161.6 

49-7 

None 


Action of Malt-Extract, which had been Previously Heated, 
upon Gelatinised Starch in the Cold. — In this case, though the 
power of converting starch into soluble starch, as shown by the 
solution rapidly li<iucfying, did not sulfer much alteration, the 
further portion of its action, as shown by the iodiiie tost and by 
the opticity of the liq\iid, was rendered much slower, and this in 
proportion as the temperature to which the malt-extract had been 
previously subjected Avas increased. Transformations made with 
malt-extract which had been previously heated to 66" C. (151° F.) 
were much more transparent than those in which unheated malt- 
extract was employed. 

Action of Malt-Extract upon Gelatinised Starch at Elevated 
Temperatures. — In order to be able to study the changes taking 
place at any given point in a starch transformation, it was 
requisite to discover some method by means of which diastatic 
action could be arrested at any given point. Boiling the solution, 
though it completely arrested the further action of the diastase, 
was unsatisfactory ; changes invariably took place iluring the time 
required to bring tlio fluid to the boiling-point. The authors of 
fhe paper found that salicylic acid implicitly fulfilled this con- 
dition, for when it was added to transformations in quantities of 
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0.05 gramme to each 100 c.c. of the solution, all further diastatic 
action was completely arrested. It became now a comparatively 
easy matter to show by means of a curve tlie progress of any 
starch transformation. The authors agree with the previous ob- 
servations of O’Sullivan (p. 132) that the changes brought about 
in the malt-extract l)y the agency of heat are the cause of the 
ditTerences in its behaviour as a transforming agent, 1)ut they 
were unable to obtain the various halting .stages described by 
O’Sullivan wlien the processes were carried out at the respective 
temperatures indicated b}’’ him. 

Action of Malt-Extract in Transformations conducted at 

40 C. (104 F.). — Wlien a conversion was made at this tempera- 
ture, tlie ])rocess differed in several particulars from one conducted 
in the cold. Unless the starch-|»aste w'as very thick, or the malt- 
extract very small in cpiantity, no separation of starch cellulose 
took place, ^ for, instea<l of being precipitated, it was converted 
into maltose and dextrin, d'he solution consequently remained 
clejir, and its o])ticity and n'dncing power coincid(*d with the appa- 
rent j)resence of maltose and dextrin only. The transformation 
[)roceeded with great rapidity, and the halting stage, which seemed 
to be exactly at the same point as when the ju'ocess took places in 
the cold, was readied in about thirty minutes. ^Vhen this stage was 
attaine<l, further action wa.s (*xceedingly .slow, even when further 
quantities of the same (/.e. the heatc'd) malt-extract were added. 
The following arc tin* detail.s of an experinn-nt in which a solution of 
5 gos. of starch per roo c.c. of water were acted uj)on by normal malt- 
extract which had been heated for twenty niinute.s to 40“ C. (104^ E. ), 
IOC e, malt-extract being a<lded for each 100 (‘.c. of solution : — 


T(;mi)f'rainrp of ihf> Crmrersioii 40“ C. (104" F.). 


Tiino. 



1 

Iodine Reartlon. 

2^ minut(‘.s . 

*-164.1'’ 


Full brown 

15 niinute.s 

• ' -M63.3" 


Brown 

30 minutes 


' 4S.8 

None ' 

1 


These la.st figures correspond closely with those of a mixture of 80 
per cent, maltose and 20 per cent, dextrin. 

After a further addition of 10 c.c. of the same malt-extract 
per 100 c.c. of .solution, the j»roce.s.s 'vva.s allowed to proceed f'>r 
thirty minutes longer; the opticity was then 161.6'’ and 

the = 49-7) numbens corresponding with tho.se of a mixture of 
81.3 per cent, malto.se ami 18.7 dextrin. Fermentation liad now 
set in, and this pr(‘clude<l further ob.servation. 

Action of Malt-Extract at 50 “ 0 . ( 122 “ F.).— In a trans- 
formation conducted at 50“ with malt-extract, which had been 

^ St-e ]*. I ^4. 
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previously heated to tliat temperature for twenty minutes, and 
added at the rate of 10 c.c. to each 100 c.c. of 5 per cent, starch 
solution, the following results were obtained : — 


Time. 




Iodine Reaction. 


2i minutes 
5 minutes 
15 minutes 
30 minutes 
60 minutes 


+ 168.1° 

+ 166.5° 1 

+ 166.5° : 

+ 162.7° 

+ 162.3° : 49.6 


Full brown 
Brown 
Brown 

No coloration 
No coloration 


The last figiire.s correspond with those of a mixture of maltose 
81.3 per cent, and dextrin 18.7 per cent. 

On the addition of a further (juantity of malt-extract there 
was at first little or no action, but after standing for sixteen hours 
the opticity had fallen to [<t]j:(.sc + i47-7° reducing power 

had risen to Co.8, numl)er.s which correspond closely with 
those for maltose only. 

Action of Malt-Extract Heated to 60 “ C. ( 140 “ F.). — The 

following are the results of an experiment similar to the preced- 
ing, in which the transformation was conducted at 60° C. with 
inalt-extract which had been previou.sly heated for twenty minutes 
to that temperature, the further action of the diasta.se being arrested 
by salicylic acid at the various points indicated : — 


Tinu'. 

1 


■ Iodine Reaction. 

I minute 

. ' + 191. 7 


Pure blue 

2^ minutes . 

+ 175.6 


Brown 

5 minutes 

+ 166.8 


Very light brown 

15 minutes . 

+ 165.7 


1 None 

30 minutes . 

M63.7 


' None 

60 minutes . 

+ 162.9 

i 49-6 

None 

More malt-extract added at the rate of 

4.5 c.c. per 100 c.c. 

90 minutes . 

. 1 +161.3 

... 

1 

More malt-extract added at the rate of 4.2 c.c, per 

100 c.c. 

120 minutes . 

. 1 + 160. 1 

52.0 



All opticity of [a]j = + 162.6 and a reducing power of k 49.3 
" as deduced as tlie mean of a large number of starch transformations 
conducted at a tein])eraturo of 60° C. (140° F.). In these from 19 
to 20 c.c. of malt-extract per 100 c.c. of starch solution were used, 
‘Uid the conversions allowed to proceed for lengths of time varying 
from five to sixty minutes. These numbers correspond very closely 
"^dh those of a mixture of 81.3 per cent, maltose and 18.7 dextrin. 
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This was tlic tomperaturo at whicli O’Sullivan states that he 
obtained his A. equation, the halting stage being reached when 
the conversion had an opticity of +170 and a of 44.1. 

l^rown and Heron were, however, unable to detect any pause in 
the reaction at this point. 

Action of Malt-Extract Heated to 66’ 0. (151’ F.). — If malt- 
extract be heated ra[)idly to 66’ C. and then immediately added 
to a solution of gelatinised starch maintained at that temi)erature, 
the reaction takes place in its earlier stages very much in accord- 
ance with that of a transformation conducted with malt-extract 
heated to 60’ C. (140’ F.) ; but if tin; malt-extract be kept for 
ten or iifteen minutes (u* longer at 66’ C., its action is consider- 
ably modified. Its general character is much .slower, although the 
formation of soluble .starch, a.s indicated by complete limpidity 
in tite liquid, is accederated. The following is an illustration of 
such a conversion in which malt-extract, pr(*viously heated to 66’ 
for twenty minutes, was added in the proportion of 8.92 c.e. to 
every 100 c.c. of a 6 per emit, starch solution. The temperature 
of the conversion was 65’ C., ami the action was arrested by sali- 


"lie acid at the ]>oiiits iiidi 

.•ated : — 


Time. 


Iodine Reaction. 

2^ minutes *. 

-4-204.0' 

Full brown 

5 minutes 

-4-201.2^ 

Brown 

10 minutes 


Light brown 

20 minutes 

4191.8’ 

Very light brown 

30 minutc.s 

4 1 88. 2’ 

N^) reaction 

60 minute.s 

f 185.0"" 

No reaction 


i Same malt-cxtiact added at the rate of 4.3 c.c. per 100 c.c. 

I 90 minutes . . . . j -f 178.0'* ' 

j Same malt-extract a<lde<l at the rate of 4.3 c.c. per 100 c.c. 
120 minutes . . . | -4-178.0'* i 


The point at which the iodine reaction for erythrodextrin dis- 
appeared was markedly different in transformations conducted at 
66’ C. and in tho.so at 60' in the former the disappearance 
of the brown colour took place when the opticity had fallen to 
= 188’ or 189’, whilst in the latter it was still to be observed 
when the angle had fallen a.s low as 166’. Tlio 

reason as-signed for this was that during the proc(‘.s.s of heating the 
various transforming agents in the malt-extract suffer alteration in 
different degrees ; thus in transformations conducted at 60’ b- 
(140’ F.) those portions of the malt-extract who.se function it is to 
split up and degrade tlio higher achroodextrins elfect this more 
rapidly than the erythrodextrins can be produced or transforni'd 
into the higher achrooihixtrins ; consequently much maltose aiiu 
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much of the lower achroodextrins may he present in the solution 
before the erythrodcxtrins and soluble starch are converted into 
achroodextrins. 

Action of Malt-Extract at Temperatures Higher than 66’ C. 
(151’ F.). — Wlien malt-extract is heated to a temperature between 
66’ C. and 75’ to 76’ C. (167" to 169’ E.) its action becomes fur- 
ther modified. A lower opticity than [‘J^]j3.s6^95^ seldom reached, 
even on the addition of further quantities of the same malt-extract 
and prolonged digestion. 

The following are the results of an experiment conducted at 
76’ C. with 30 c.c. malt-extract lieated to 76’ C. for each 100 c.c. 
of starch solution : — 

' Time. 

minutes . . : 

; 5 minutes 
' 10 minutes 
, 20 minutes 
I 30 minutes 
45 minute.s 
' 60 minutes 

j 15 c.c. same malt-cxtrji 

70 minutes 
i 90 minutes 

The starch solution became limpid very quickly, and the blue or 
violet reaction with iodine indicative of .starch disappeareil in less 
than two minutes, but the brown colour due to erythrodextrin 
persisted for a considerable time. This latter attained its highest 
point when the opticity had reached [<i] + 202’ to 203“, and 
disappeared at 194’ or a little lower. 

This corre.sponds very closely with O’Sullivan’s C. equation, 
which has an o[)ticity of + 202.8’, but he describes the dex- 

trin obtained fn)m it to be an acliroodextrin. Browui and Heron 
invariably found it wais at this point that the solution gave the 
strongest browuiisli-red colour with iodine, characteristic of ery- 
throdextrin. They concluded that in these cases the dextrin 
formed was invarial)ly an erythrodextrin. 

Influence of Neutralisation upon the Action of Malt-Extract. 
— When malt-extract, after being heated to 66’ C. (151^ F.), was 
neutralised with barium hydrate, its action w’as but little modified, 
and the curve given by a transformation with malt-extract treated 
in this way did not clitfer materially from one made with malt- 
extract whicli had V)oen simply heated to 66° C. 

If, however, the malt-extract be heated to 66° C., rendered 
very slightly alkaline with sodium carbonate, and again momen- 
tarily heated to 66°, the opticity of the solution was reduced 




1205.0' ' 

-f200.3" ' 

195-5’ 

•1-195.5'* 

194.0"* 

f 194-6° 23.0 

added per 100 c.c. 

i 194-4° I 

-M94.O'* ; 


Iodine Keaction. j 

Much erythrodextrin ! 
Much erythrodextrin 
Slight coloration 
No reaction 
No reaction 
No reaction 
No reaction 
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rapidly to + 194” to 196°, and it was impossible to push the 

action beyond this, even by the addition of further quantities of 
similarly treated malt-cxtraet. The curve obtained in this way 
did not differ materially from that obtained with malt-extract 
simply heated to 75° to 76 C. (167 to 169 b.). . , . 

Wlien a conversion was made with malt-extract licated to 66 
C. (15 1° F.), and then made slightly alkaline with sodium hydrate, 
the opticity never fell lielow [ajj., -f 202". This point corre- 
sponds with that at wliieb iodine gives the maximum reaction 
for erythrodextrin in conversions m«ade witli malt-extract heated 
to from 66“ to 76“ G. (14G to 169^ F.). Further additions of tlie 
same alkaline malt extract failed to firing down the angle farther. 

Wlien the malt-extract was rendered still more alkaline with 
sodium hydrate, its diastatic jiower was completely destroyed. 

The Molecular Transformations of Starch.— The authors con 
sider that the results of these experiments show tliat there are at 
least four well-defined molecular transformations of starch, the one 
most easily obtaine<l being that with malt-extract heated to a tem- 
perature not higher than 60 ('. (140 Ihis has an ojiticitA 

of -f 188.5 , and a reducing })ower of k 49-3- 

The next is that at which the iodine reaction for erythro- 
dextrin disn])|)enrs in transformatimis conducted witli malt-extract 
heated to 66 C. (151 F.). Us opticity was + 188.5, and 

its reducing power k'3,^,-25.o or-thereabouts. 

The next is o1itain“d by using malt extract heated to 66" C., 
and made slightly alkalim* with sodium carbonate. Us opticity is 
U5 f reducing power 18.9. 

The last is olitaimMl by using malt-extract heated to 66 G., 
and made slightly alkaline with sodium hydrate ; idso in conver- 
sions comlucted at tenq inatures beyond 66" G. (^ 5 ] ^^lien the 
iodine reaction for erythrodextrin is at its maximum. It has 
an opticity of [a] j., -i- 202 to 203 , and a reducing jiower of 

K 12.7. This agiees closcdy with ( fSullivan’s G. eipiation ; the 
dextrin formed is, liowever, an erythrodextrin. 

Transformations from Higher to Lower Equations.- If 
little unhealed malt extract he, added to any starch transformation 
liaving an ojiticity higher than ^>2.5", ami the^ whole he 

kept at a temperature of 50" to 60" C. (122" to 140° F.), the 
opticity of the solution falls very quickly, in favourable case^ 
almost instantaneously, to [a] j.^ -= 162.5'', the reducing powm 

rising to k,, , 4 ^, 48.3, at which point it remains stationary for some 
time. For instance, 5 c.c. unlieated malt-extract were added to 
100 c.c. of a starch conversion wliich Inul been boiled, and W'hich 
had an opticity of 187.8" and a reducing power of 28.9 : 

at the end of Uvo minutes tlie opticity had fallen to 162.6 and 
the reducing power risen to ^.,,^^49.3. 

The remarkable fact tliat liydrolysis proceeds rapidly to a certain 
point and then becomes suddenly arre.sted, points to a marko* 
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difference in character between the higher and the lowest dextrin. 
The most natural explanation is that the dextrins are not meta- 
meric but polymeric bodies, those which possess the highest opti- 
cities having the largest molecules. 

In consonance with the view of Musculus and Gruber (p. 132), 
Brown and Heron regard soluble starcli as ioC^oII.^o^jq. The first 
step in the breaking down of this large complex molecule is the 
removal of one of the Ci2H20^i() which, uniting with a 

molecule of water, becomes maltose ; and the remaining nine 
C12H20O10 groups constitute the first dextrin of the series — erythro- 
dextrin a, thus — 

I. lo(C,2ir,uOio) + H.O 1:1 C,..Ho,Oii + 9 (Ci'.H.,oOk,) 

starch. Water. ilaltose. Erythroilextrin o. 

This dextrin next suffers decomposition ; one of its CjoHo^Oj^^ 
groups is similarly split off, combines with a molecule of water to 
form malto.se, and the remaining eight groups constitute 

the second dextrin of the serie.s — erythrodextrin [ 3 — 


2. r 

H,0 = 


i- 8 (C,.>H.oOk.) 

Erythrodextrin a. 

Water. 

Maltose. 

Erythrodextrin jS. 

The next stage is — 

3. 8(CloH<jyOlo) f 

H,0 = 

C,dh,On 


ErythnHicxtrin / 3 . 

Water. 

Maltose. 

Achroodextrin a. 


The process goes on in a similar manner until the last G^oH.^, 
group is transformed into maltose. 

It is obvious that the number of dextrins possible will depend 
upon the size of the molecule of the last formed dextrin ; if this 
contains the same number of carbon atoms as maltose, there will 
be probably nine distinct stages ; if it contain twice as many, then 
the number can be only eight. The following table gives the 
opticity, reducing power in each of these theoretical stages, and 
the mixtures of maltose and dextrin with which these factors 
correspond : — 


No. of Etination. 

Opticity. 

Kcducing 
Pi>wer, ' 

Apparent 

Ntaltose. Dextrin. 

Soluble starch 



Per Cent 

Per Cent. 

i 216.0“ i 

0.0 


i 

1 . . . 

1- 209.0“ j 

6.4 

10.5 

89.5 ! 

2 

* 

+ 202.2“ 

127 

20.9 

79.1 

3 . . . 

1-195.4“: 

18.9 

31.0 

69.0 ! 

4 . . . 1 

4 - 188.7“* 

25.2 

4+3 

58-7 : 

5 . . . 1 

1 182.1“! 

3+3 

5+3 

48.7 : 

6 , . ! 

j +» 75 - 6 “| 

37-3 

61.1 

38.9 

7 • . . 

8 . . , 

1 4-169.0“! 

43-3 

71.0 

29.0 : 

1 4- 162.6“ ! 

49-3 

80.9 j 

19. I 

9 • 

Malto.sp . 

1 +156.3“' 

4 1 50.0“ 

55 ** 

6t.o 

90.2 

TOO 0 

9.8 

0 0 ! 


Erythrodextrin a 
Erythrodextrin /3 
Achroodextrin a 
Achroodextrin ^ 
Achroodextrin y 
Achroodextrin 5 
Achroo(iextrin e 
.Achroodextrin ^ 
Achroode.x trill rj 
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Brown and Heron considered that by their cxi)erinients they 
had unmistakably established the existence of the No. 2, 3, 4, and 
8 equations, whilst indications of the others had been observed, 
though not with the same degree of certainty. Of these equa- 
tions No. 8 was by far the most stable ; and as no pause could be 
observed in the i)rocess of liydration betw'een it and maltose, it 
favoured the view that there are only eight dextrins. The result 
of all these experiments tended to show that soluble starch, when 
hydrolysed by malt-extract, was invariably split uj) into maltose 
with an opticity of + 150" ami a reducing power of 61, 

and a series of polymeric dextrins, all of which had an opticity of 
[“].i;i8t3 + 216° and possessed no reducing power. 

Diastase has no Action on Maltose. — A number of experi- 
ments were made to ascertain if diastase ])ossessed the power of 
hydrolysing maltose. These were attended witli entirely negative 
re.sults ; in no case was glucose found even after the maltose had 
been subjected to the action of malt-extract for twenty-eight hours. 

Investigations of Brown and Morris.— In 1885 Brown 
and Morris published a paper ^ which may be regarded as a con- 
tinuation of that of Brown and Heron of 1879. 
the results of a number of exj)eriments undertaken with a view of 
still further elucidating the molecular changes wliich take place 
when starch is hydrolysed. 

It had been previously }iointe<l out by Brown and Heron 
tliat when st:u'ch-p'a.st<; is acted on by malt-extract at any tem- 
p'‘ruture above 40' C. (104" F.), the opticity and reducing p<;wer 
of the products both appear to indicate* the existence of maltose 
[a] j;, -t- 150", and a non-reducing dextrin with an opticity 

of [‘i] j3 2 • They now .showed that the same held good 

witli the various fraction.s obtaine<l by precipitation with alcolit*! ; 
the opticity and re<lu(ung ])ower.s of such fractions invarial)ly 
j'ointed to their being apjtarently composed of malt(»se and a non- 
reducing dextrin. A large number of experiments were made in 
proof of thi.s, of which the follow’ing is an exanqdi* : — A starch 
conversion was made which gave an opticity of [(a] -f 196.4 
and a of 18.6, iigur<*s which correspond closely to a com- 
jjosition of malto.se 30.4 per cent, and dextrin 69.6 j)er cent. The 
conv(;r.sion wa.s evaporated to a syrup, heateal to 100'' C. (212“ F.), 
and 90 per cent, of alcohol added until a permanent j)recipitate 
was proiluced. The .solution, which was found to contain 48.3 
per cent, of alcohol, was then allowed to become cold, and the 
clear supernatant li(pud poured oil from the resijbie. As this 
latter chiefly con.sisted of malt-extract bodies, it was neglcctcil. 
The clear liquid \vas heated on the water-bath, more alcohol 
added until a permanent j)recipitate again formed, cooled, the 
I)recipitate allowed to settle, and the clear liquid, which wa.s 
found to contain 48.34 per cent, of alcohol, poured off. This 
same process wa.s repeated five times; consequently, five fractions 
* Journal of the Chemical Societyf 1885, p. 527. 
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and a mother-liquid were obtained. Each separate fraction was 
dissolved in water and re-precipitated with alcohol, again taken up 
with water, boiled to remove alcohol, evaporated to small bulk, 
and finally dried in a vacuum. The opticity and reducing power 
of each fraction are given in the following table : — 



1 


Apparently 

Fractions. 

; Htren^Uh of 
; Alcohol. 

Reducing 

Powers. 

indicating 


1 


Maltose. 

Dextrin. 


Percent. ' 


Per Cent. 

Per Cent 

1 , 

48.3 -f209.<S‘^ 

5-49 

90 

91.0 

2 . 

59.4 ; 4 209.6" 

8.85 

14.5 

85.5 

3 , 

67.0 1203.1" 

9.00 

14-7 

S 5-3 

4 . 

74.0 (202,4" 

13.18 

21.6 

78.4 

5 . . . . 

Si. 5 4199.1" 

M -53 

13.8 

73-2 

Motljer-liquor 

4-185.6" 

29.40 

48.1 

51.9 


The results of this and numerous experiments of a similar 
nature led Brown and Morris to the conclusion that “just as the 
total products of all starch transformations brought about by 
malt-extract always yield numbers indicating the existence only of 
maltose ami a non-reducing dextrin, so it is equally beyond question 
that the same hohls good with regard to any portion of those 
products which can be separated by fractionation with alcohol.’’ 

They consider that they have thus “established a criterion of 
purity for the products of the action of diastase on starch,” And 
“in those cases in which the observations of other writers do not 
conform to the above rules,” they “have mi hesitation in ascribing 
the discrepancy either to the }»resence of inij)urities or to errors in 
analysis.” In more recent times they si)eak of this as the “law' of 
definite relation” ; consequently, if the oj>ticity of a starch trans- 
formation is known, the reducing power can he deduced from it, 
and vice versa. ^ 

As had been previously sliown (p. 140), starch transformations 
of a higher opticity than 162.6'' and a lower rt'ducing j)ow'er than 
*< 49'3 Jiro speedily bn night down to this stage by being treated 
with a little fresh (unheated) malt-extract at 50' C. (122° F.). 
►Cilice maltose is unatlected by this treatment, the change must be 
owing solely to a degradation of the dextrins. 

After making sure that the dextrins sullenal no change by the 
various boilings, evaporations, and precipitations w’ith alcoliol neces- 
sary to secure their i.solation, experiments were made to ascertain 
d, when isolated, they could be degraded by treatment with fresh 
inalt-extract. It was conclusively shown that the dextrins, w'hen 
hus isolated, could lie degraded as readily as the original sub- 
stance from which they w’ero jirepared. luich dextrin, then, with 
le exception of that belonging to the No. 8 equation, when treated 
With fresh malt-extract at 50'^ C. (122“ F.), ought to yield a certain 

* See Appendix C. 
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definite amount of maltose. The different quantities which should 
be yielded in this way are given in the accompanying table : — 





Apparent Yield of 

No. of Equation. 

Constants of Mixed 
Products. 

Maltose by loo Farts 
of each Dextrin 


when Degraded to 




No. 8 Equation. 


WJ.VH.- 



Soluble starch 

+ 216.0** 

0.0 

84.44 

I 

+ 209.0* 

6.4 

82.09 

2 

+ 202. 2“ 

12.7 

79.20 

3 

1-195.4“ 

18.9 

75-39 

4 

-f 188.7“ 

25.2 

70.37 

5 

■f 182.1“ 

31-3 

63-33 

! 6 

-c 175 - 6 ’ 

37-3 1 

52.77 

7 

i 169.0“ 

43-3 

35 .»« 

8 

\- 162.6“ 

49-3 ! 

0.00 


(.)n ascertaining the amount of maltose yielded by any one of th(3 
dextrins, it ought to bo possible, by the aid of this table, to tix its 
position in the series, or with a mixture of dextrins to find their 
mean position. It was sliown l>y a number of experiments, of 
which the following is an example, that all transformations whieli 
had higher opticities and lower reducing powers tlian those 
re(piired for the No. 8 equation, always contained several, and 
never one individual dextrin. A starch transformation was made 
with a little freshly prepared diastase, tlio action being arrested 
when the maximum of coloration was given by iodine. This 
posses.sed an opticity of [«]j3..s<}+ 202. 2^ and a reducing power of 
12.4, which are almost exactly tlioso of the Equation 2, and 
which closely corres[>onded to those of a mixture of maltose 20.3 
per cent, and dextrin 79.7 per cent. On furtlier degradation with 
malt-extract at 60^ C. («4o^ F.), 75 per cent, of maltose was 
yielded, against 79.2 per cent, as required by theory. 

A measured quantity of this transformation was then evaporated 
to a syrup and fractionated with alcohol of gradually increasing 
strength. The Aveight of each fraction was taken and calculated as 
a percentage on the whole, and the amount of maltose apparently 
yielded by each fraction on subsequent degradation Avith fresh 
malt-extract also. These Avere found to be as folloAvs : — 


Fractions. 

strength of 
Alcohol. 

Percentage of Solid 
Matter to Total 
Solid Matter. 

Maltose apparently 
Yielded by 
each loo Parts of 
Dextrin. 


Per Cent. 


Parts. 

I . . . , 

46.0 

43.88 

60.8 

2 ... . 

59.3 

23.09 

70.8 

3 

75.0 

10.64 j 

87.7 

4 . . . . 


22.39 ! 

93-9 
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The true mean of these figures gives 73.3 per cent, maltose 
against the 75 per cent, yielded by the original solution, numbers 
which agree as closely as could be expected in an experiment of 
this difficult nature. These experiments show tliat though it is 
possible to give theoretically well-marked equations representing 
the hydrolysis of starch, yet in practice, with the exception of the 
No. 8 equation, no such well-delined equation is met with. The 
action is evidently exceedingly irregular, .some of the Cj^H2yO^(, 
groups being hydrolysed more quickly than others ; consequently, 
the opticity and reducing power of any transformation having a 
liigher rotatory power than that of the No. 8 equation does not 
represent one definite equation, but the mean of several. 

It was then suggested that tlui starch molecule might be even 
more complex than the authors had hitherto assumed it to be in 
their former paper, where it was considered to be equal to ten 
(C^2^2 o^\o) might be .some .simple multiple of 

these ten grou]>s. In such a case the numl)er of dextrins would 
bo coi‘res})ondingly increased. 

Brown and Morris now attem|)ted to obtain the dextrins in a 
state of purity. The opinions of various observers have differed 
considerably as to whether the dextrins do or do not possess a 
reducing action on Fehling’s solution. In the experiments of 
O’Sullivan pteviously. described (p. 124), tin* reducing power they 
were found to po.ssess was attributed to traces of maltose w'hich it 
seemed impossible to completely remove. An unsucc(>ssful attempt 
to destroy these last traces of maltose was made l)y Brown and Morris 
by boiling with Fehling’s solution. BondonneaiO described a method 
by means of w'hich he thought he had succeeded in accomplishing 
this object. It consisted in boiling the dextrin .solution for half-an- 
hour with cupric chloride, to w'hich just sufficient sodium hydrate 
had been added as would redi.ssolve tin* preci|)itated cupric hydrate. 
The filtered liquid, on being acidulated with hydrochloric acid, was 
said to yield, on the addition of alcohol, a dextrin entirtdy free 
from maltose. Brown and Morris made several attempts to pre- 
pare a non-reducing dextrin by this method, Imt never succeeded 
m obtaining one with a lower reducing power than k 0.53. Wiley 
in 1882 - vlesigned a method for the analysis of mixtures of maltose, 
glucose, and dextrin, in which Knapji’s mercuric cyanide solution 
was employed in a novel manner. It was used to destroy the 
maltose and glucose, under the supposition that the dextrin would 
he left intact, and that its amount could be afterwards estimated by 
the polarinieter. By w'orking w’ith this solution, Brown and Morris 
Were able to deprive several of the dextrins of every trace of re- 
ducing power, and this they attributed to the complete removal of 
maltose (c/., hoAvever, Scheibler and Mittelmeier’s views on p. 155). 
I he following is an experiment of this kind : — 

^ Bull. Soc. Vhini ., xxi. 50 and 159. 

“ Chemical News, xlvi. 175. 

K 
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A dextrin was prepared from a starch traiisforniation and puri- 
fied by precipitation and re-precipitation several times with 6o per 
cent, idcohol, the spirit employed being always of the same strength, 
in order to avoid any alteration in its composition. A slight excess 
of a solution of equal weights of mercuric cyanide and sodium 
liydrate ^ was added to a solution of this dextrin, and the whole kept 
warm until reduction was deemed complete. The solution was 
cooled, acidulated with hydrochloric acid, and hydrogen sulphide 
jiassed through until all the mercury was removed. Ammonia was 
now added in slight excess to the tiltered solution, tlie whole evapo- 
rated to a syrup, this latter was dissolved in hot water, and the 
dextrin precipitated therefrom with 6o per cent, alcohol. In this 
w\ay they thought that they had obtained a dextrin entirely devoid 
<jf reducing power. This, when degraded with malt-extract at 6o" C. 
(140^ F.), gave (after corrections liad been made for tlie salts i>re- 
sent) 51.5 per cent, maltose against 49.5 })er cent, yielded by the 
original dextrin ; thus it a[)peared to have sulfered no alteration 
during the process of t)urilication. Its opticity was 215.9'', value 
which agrees almost exactly with that wliicli the authors had pre- 
viously deduced from their experiments on the transformation of 
starcli, i.e. + 2 16.0'. 

Maltodextrin. — The discrepancy in the results of tlie experi- 
ments where the dextrins were degrade*! with fresh malt-extract 
(an illustration uf which is given on p. 144, where it is seen that 
while fracti(ms i and 2 yield con8i<leral»ly less maltose, 3 and 4 
yiehl consiilerably more than the quantity rcipiired by theory) is ex- 
plained by the presence of a liody which the authors had isolated and 
named “ malbjdextrin.” It was obtained in the following manner. 

Preparation of Maltodextrin. — A starch transformation was 
made at a temperature of 60" to 65" (1. (140" to 149' F.) with a 
little freshly prepare*! <liasta.se, the action being arr**steil by boil- 
ing the solution when its opticity ha<l reached [a]j + 198° *>r 
tlnii’cabouts. The liqui<l was then eva[)orat<Ml to a sjjecific gravity 
of 1060, and set to f*?rment at 28' to 30' 0 . (82' to 86'' F.) with a 
.small quantity of onlinary yeast. When fermentation had ceasc*h 
the li*iuid was filtered, evaporated to a syrup, and digested in 
Ijoiling 90 ])er cent, alcohol for a couple of days, with frequent 
agitation. The olqect of thi.s treatment was to remove the non- 
volatile pro<lucts of fermentation, wliich amounted to about 5 per 
cent, of the maltose fermented. The strength of the alcohol was 
then reduce*! to 85 [Hir cent., the mixture submitted to further 
digestion, and the liquid portion, while still hot, decanted from tiic 
residue. On removing the al(!ohol by distillation, maltodextrin was 
left behind, and this was purifie*! by further treatment with alcohol. 
Thus obtained, it was fouml to possess an opticity of [ajj's.so + 

^ Morris {Tram. Lah. Cluh, i. 70) states that a preferable method is b) 
treat the dextrin solution on the water-bath with mercuric oxide und barium 
hydrate solution. 
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and a reducing power of 20.7, numbers which agree with those 
of a mixture of 33.9 per cent, maltose and 66.1 per cent, dextrin. 
Maltodextrin is absolutely unfermentable by the Saccharomyces 
cerevisiaty and cannot be separated into its constituents by furtlier 
treatment with alcoliol ; when acted upon by a little fresh malt- 
extract it is completely hydrolysed to maltose. Here, then, is a 
body apparently showing by its reducing power that it contains 
34 per cent, of maltose which is absolutely unfermentable by the 
yeast of the primary fermentation. 

Hertzfeld’s Maltodextrin. — Hertzfeld described in 1879^ 
a body which he had found in starch conversions made with 
<liastase at a temperature of 70“ C., ami to which he gave the 
name “maltodextrin.” He regarded it as a body intermediate 
between acliroodextrin and inaltose, ami assigned to it the follow- 
ing composition that is, two molecules of dextrin and 

one molecule of glucose. He found its opticity to be [a]j -f 171.6" 
and its reducing power k 23.5 ; but as he was under the impression 
that one part of glucose gave on reduction 2.362 parts of copper 
oxide instead of 2.205, a correction has to be ajtplied to his k, 
after which it l)ecomes 26.7. 

Since this would point to a composition of 43.70 per cent, 
maltose and 49.12 dextrin, the opticity ought to have been [a] j + 
187.1", but as this does not conform to Jlrowu and Morris’s law of 
detinite relation, they attribute the dillerence to impurities intro- 
duced into the solution by the large (juantity of imdt-extract which 
Hertzfeld used in the cxptu'iment; at the same time, they express 
their conviction that Hertzfeld had obtained in an impure state 
the body which they had similarly named maltodextrin. 

Hertzfeld states that his maltodextrin was completely ferment- 
able by Saccharomyces cerevisioy but this, it was considered, might 
be owing to his having made use of a yeast contaminated with 
other forms of yeast atid bacteria. 

Unfermentability of Maltodextrin and the Dextrine by Sac- 
charomyces cererisio’. — The following is an example of a numerous 
series of experiments which were made by Hrown and Morris U) 
show that neither maltodextrin nor the dextrins could be fer- 
mented by Saccharomyces cererisUv - ; — 

The products of a starch conversion which had been separated by 
alcohol, and which had an opticity of [a]j -f 19 1.2", were dissolved 
in water; the solution liad a specific gravity of 1099.5. A little 
yeast was then added to this solution, which contained maltose, 

^ Inaugural Dissertation, Halle. 

Ah pure yeast.s, under the Han.senian acceptation of the term, were then 
anknown, the Saccharomyces ccreviskc here mentioned is the ordinary yeast 
^ the primary fermentation. It is stated (Moritz and Morris, “ Science of 
crewing,” p. 120, footnote) that on a repetition of the experiments with pure 
cultures, precisely the same results were obtained. 
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maltodexti'in, and several of the achroodextrins, and the whole left 
to ferment at 30" C. (86“ F.). Brisk fermentation ensued, and this 
came to an end in three days. The solution had now an opticity of 
["iJa sG ^94-2 , and a reducing power of k.^ i7-7, corresponding to 
29 per cent, maltose and 69.7 per cent, dextrin, and 1.3 per cent, 
inactive matter. When degraded with malt-extract at 60° C. 
(140“ F.), 100 })arts of the dextrin yiidded 66.8 parts of maltose. 
'Ihe solution was now evaporatenl to a syrup, and sullicient water 
added to make a solution having a specific gravity of 1093. It then 
contained per 100 c.c. 6.986 grammes of maltose, 16.792 grammes 
dextrin, and 0.315 gramme of inactive matter. A little yeast was 
add('d, and tli(.‘ whole kept at a temperatun; of 30^ C. for seven 
days. No trace of fermentation was to l)c ohstu’ved, ami the yeast 
cells were found on examination to he shrivelled up and, to all 
api>earance, dead. At tin? end of this time a slow fermentation 
commenced, and, coincident with this, a few cells of Sdrrharunujrfm 
and ^(tcrJiarnmpres i\istorianU}i were dc'U'cted. Tliesi* 
latter increased in (piantity, and in proportion as this increase took 
l>lace, .so mucli livelier became the fermentation. The solution Avas 
still in a state of fermentation at the end of forty days, when tin? 
(experiment Avas discontinm.al. An (*stimalion of tlu^ amount of 
iualtos(! fermented away Avas th(U\ made, (i) hy observing tin' di‘- 
creas(‘ in the sp(icific. gravity of tlni .solution after the alcohol had 
been driven olhlm evaj»oration ; (2) )»y estimating the amount of 
alcohol Avhich iiad been formed, correction being mad(' for the non- 
volatile pnMlucts of fermentation in both cases. 

(i.) Gave a disappearance of 14.39S grammes maltose per 100 c.c. 

(2.) Gave a disappearance of 14.410 gramme.s maltose per nx) c.c, 

Since the original .solution contained only 6.986 grammes of inal- 
to.si', th(i remaining 7.494 grammes must have, been derived from 
th(3 dextrin; for, oji sub;se(pient degradation with a little fre.di 
malt-extraet, it now yielded only 25,7 parts of maltose per 100 
j)arts (jf (lextriii against tlie 66.8 parts Avhieli it had yielded prior 
to fermentation. 

Brown and Morris's Hypothesis of the Breaking Down of 
the Starch Molecule by Diastase. — The di.seovery of maltodextrin 
led BroAvn and Morris to a further (;xtension of the previous vi(nv.s 
of BroAvii and Ihuou on the constitution of tlie starch moh'culc. 
They iioav regarded the starch molecule as (amsi.sting of not 1'“^^ 
than five groiip.s, and considered that Avheii it w:is 

acted on hy m.alt-extract, one of th<; (Ci.dl^o^ )jo):j groups Avas I'nr- 
tially hydrated and detached in the form of maltodextrin, the 
femaining four group.s, 4(< ^^>rming a dextrin rosithie. 

One of the four (C,.^lf.^„0,„)., groups of this residin* Avas siaii' 
larly partially hydrated and detached, and the remaining three 
constituted a dextrin residue of Ic.ss complexity than 
the preceding one. This action proceeded in a .similar manner until 
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tlie last group was reached, and this formed the stable 

dextrin of the ]^o. 8 equation (i)age 14 1). Maltodextriii, wlien 
treated with malt-extract which liad not liccn heated l)eyond 65“ C. 
(149“ F.), was found to be rajndly and completely liydrolysed to 
maltose. It was, however, possible that tlie hydrolysis miglit have 
taken place in two stages, Init so far no indication of this had been 
observed. 

Molecular Weight of Starch.— in a paper read before tin; 
Chemical So(‘iety in 1889,^ Brown and ^Morris describe a number 
of experiments i)erforme(l by Raoult’s cryoseopic method, in wlweli 
an attem])t was made to ascertain tlie molecular weiglit of starch. 
Ordinary stardi, owing to the vi.scid nature of its solution, w'as 
entirely unfitted for an experiment of tin's nature; Vnit ))y operat- 
ing on its near relative, soluble starch, strong indications were 
obtained that the molecular W(‘ight of this body was from 20,000 
to 30,000. Not satisfied with this, an endeavour was made to 
ascertain the molecular weight in aiiolher way. Since starch, 
when hydrolysed, is invariably found t(j contain a fifth of its 
weight of a dextrin which is only furtln'r hydrolysed with ex- 
treme ditliculty, it is obvious that if the molecular weight of this 
dextrin could b(‘ (‘stablislu'd with certainty, then that of starch 
wotdd be also (Udinitely fixed, since it must necessarily In* five 
times as groat as the molecular weiglit of this dextrin. Experi- 
ments made with a nunilHU’ of preparatinns of the dextrin pointi'd 
strongly to its molecular weight being 6480, corresponding to a 
formula of (Ci.jH.j,/ I'onnula for solubh' starch rvould 
be consequently live times as much as thi.<, or 5(f\.,ir.,„( and 
its molecidar weight 32,400. 

All the Dextrins have the same Molecular Weight.— 

Kaoult’s method was now tried upon a number of dilforent dextrins 
to ascertain if they all possessed the same or dill'erent molecular 
weights. The following is an example of one of thesi‘ experi- 
ments : — 

A dextrin was jirepared which had an opticity of [a]j,, •- 210.7" 
ami a reducing power of k ..^^ 1.4, figures closely correspomling to 
those of a mixture of 2.3 p(‘r cent, maltose and 97.7 ])er cent, dex- 
trin. One hundred parts of this dextrin, when degraded with fresh 
malt-extract, yielded 71.5 parts of maltose; consequently, its mean 
position wavS betw'een Nos. -3 and 4 of the series on p. 144. If it 
W(M‘e a polymer, or a mixture of polymers of the lowest dextrins, its 
molecular weiglit ought to be 22,680, that is, 6480 x 3!. The 
molecular weiglit as deduced by Kaoult’s method pointed strongly 

the number 64S0. A number of similar experiments made 
''vith dextrins in various positions in the series shown in the tuble on 
p. 144 gave similar results ; lienee it was concluded that the vierv 
previously held, that the dextrins were polymeric bodies, would 
have to bo abandoned in tlie face of these fresh facts. Since it 

* Journal of the Chemical Socicti/, 18S9, p. 449 and 462. 
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was now shown that they all possessed the same molecular weight/ 
it became necessary to frame a new hypothesis in accordance with 
these newly-discovered facts. 

Brown and Morris’s Second Hypothesis of the Break- 
ing* Down of the Starch Molecule by Diastase.— This was 
descrilied in a paper read before the Laboratory Club in 1890.- 
They now regarded tlio starch molecide as consisting of four 
complex dextrin groups, arranged round a fiftli similar grou]). 
This last, on the breaking down of the molecule, becomes the 
stable dextrin of the No. 8 equation. 

The iirst act of Ijydmlysis by diastase is to break up this com- 
plex im>lecule, and liberate all the live <lextrin groups, thus ; — 

< = (Ci-df,,Ou.)io f- 4 (C,,H,oO,„)oo 

I stable Dextrin. Uendily lIy<lo)lysal)le 

V Aniylin (Jronps. 

Stare'll molecule. 

One of tlu'sc live grou})S is, from some unknown cause, only 
further hydrolysed Ity diastase with extreme dilliculty, and this 
forms the stablf? dextrin of the No. 8 eijuation (p. 141). The 
remaining four dextrin groups yield much more readily to the 
inthience of the diastase, and are imiiHMliately broken down into a 
complicate<i sei»it.‘S of amyloVns-^ or maltodextrins of varying com- 
position, Tite extreme stages and an intermediate one are re- 
presented in the following (Mpiations:- 

(Ci>FI.oOm)'-.> i- H ,0 ^ \ Ainyloin witli lowe.st ^ ratio A. 

(CioH..„Oi(,)‘'» i- ioH.,0 r- 1 Intermediary amvloin. ^ ratio g-;. 

iqlld) -- } Arnyloin with highest ratio \\ 

The authors thmi state, “As the hy«lrolysis proceeds, the 
complex amyloiu groups hreak up into smaller molecular aggrega- 
tions, which, however, retain all tlie characteristics of the amy loins, 
and this goes on until the maltose Htag(i is reached.” 

They adduce as exaiiqdes which have been isolated ami 
examined in a pure state, and the molecular weights of whirli 
have been determined, of these latter l)odievS, mnltodextrin 

{(Ci-jkolj., b'- I4<5)an.la>..yl.,,l<.xtrin (l’' H)' 

^ O’BulHvan {Journal of thr Chdaical Sociftt/, 1879, p. 783) Btated biw belief 
that the firnt product.s of the breaking up of the starch molecule were a series 
of isomeric dextrins, 

Trans. Lnh. Club, iii. 83. 

^ The name “arnyloin” was Huggested for these bodies by Professor Ann- 
strong. It had been proposed to terminate the name of all sugars belonging 
to the CiiHy/)ji group with the syllable on; thus maltose would be malton J 
and as the dextrins already possess the termination in, a word ending in o^n 
would signify a conipounil of amylon with ainylin, which latter name ha** 
been proposed for dextrin. 
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Hence, according to this hypothesis, there are present in all 
storch conversions, when carried out under the ordinary conditions 
of mashing employed in the brewery, free maltose, free dextrin 
which IS not further hydrolysed, together with a certain proportion 
of aniy loins of varying types. ^ * 

They consider that the free maltose is entirely fermented 
away during the primary fermeniatioii, and that the amyloiiis are 
gra uiilly broken down and slowly fermented away diirino the 
secondary fermentation which takes place after the beer has'lieen 
stored 111 casks; the free dextrin persists to the last, and is little. 
It at all, attected even on prolonged storage. 

Discovery of Isomaltose.— The methods employed by Emil 
Iischer in his remarkable investigations (p. 46)011 the constitution 

he?.vlbvf ‘ ‘I'c .year 1885, and in which 

phenylh,>drazine p ayed such an iniiiortant part, could hardly fail 
sooner or later to throw some light on the nature of the bodies pro- 
duce.! during the hydrolysis of starch. 'J'hey led, in 1891, to the 
discoyery by Lmtiier of an entirely now sugar amongst these bodies. 

hcheibler and Mittelmeier > had do.seribe,L in 1889, an osazone 
which wins obtaine.l from a siibstanee found in the unfernientable 
residue of commercial glucose, and which, from its composition, was 
presumably the osazone of a sugar having the formula C,,II O 
.Shortly afterwards Kmil Fischer 2 obtained a substance "by" dis- 
solving 100 grammes of pure gluco.se in 400 c.c. of liyilrochloric 
acid of a specihe gravity of 1.19, and allowing the mixture to 
stand at a temperature of from 16° to 20° (,'. (61“ to 70° F.) for 
nlteeii hours. ^Tlie o.sazono olitained from thi.s substance melted 
at 150 to 153 C., and a.s it resembh'd in several other respects 
.“if, In 1891 .Sclndbler 

i.f '’y Drmenting a 10 per cent, solution 
glucose, hitcring the solution, evaporating to a syrup 
‘ " . strong ah’ohol, an amorphous unfernientable siib.stance 

w iich had been previously described l.y .Schinitt and Cobenzvl 
mder the name of “gallisin.” This body, when piiritied by re- 
ilni. solution by alcohol, was 

doe?i w l'.vgro.scoi.ie iiatnr... It re- 

■veetatn * i'i^f l"-'“t'‘.l with phenylhydrazine 

' ebato, yielded an osazone melting at 152° to ica" C.^whieh was 

hienticar th'^y considered, 

To i 'SO'U'iltosazone previously described by Fischer. 

zL , ' . di.scovere<l, by the aid of the iihenvlhv.lra- 

sindlnTf'®*'!’ " an osazone 

from wide! Jeacrilied; ho, 100 ho called the sugar 

PuWisbeT , “’^’’ualtosc. " In a subsequent paper 

lubhshed by Lmtner and Dull,* the results of a further series 

' ScrichU, xxiii. 3 c6o. r U, .xxiii. 3687. x U, x^iv. 301. 

das ifrmmt. Bmit., 1891, p. 284, 

Zeit,f. nngcivmid. Chemie, 1892, p. 268. 
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of investigations with reference to this sugar were described. They 
found that after removing the maltose from the products of a starch 
conversion by a short fermentation conducted at 27” C. (80° F.), 
they were able to resolve, by repeated precipitation with alcohol, the 
unfermented matters into dextrin and isomaltose, but they were 
unable to detect oven a trace of any such substance as an intcr- 
me<liary maltodextrin. 

Preparation of Isomaltose. — Lintner and Diill prepared iso- 
maltose in the following manner : — ■ 

Two hundred and fifty grammes of potato-starch were mixed 
with 500 c.(!. of water containing in solution 0.5 gramme of dias- 
tase ; the mixture was then added to 2 litres of water having a 
temperature of 75" C. (167 ‘ F.). After licpiefaction of the starcli 
had taken place, anotln'r 0.5 gramme of diastase was added, and 
the whole ke}>t at a temperature of 67" to 69'C. (153^0 156' 
F.) for three hours, 'fhe li(piid, after being boiled, gave a dark 
lu’own reaction with iodine, and had an o})ticity of [n],,= + 
170'. Th(‘ solution was then evaporated to a syru[) on the water- 

l.)ath. 

I. The first separation of the starch-conversion ])roducts was 
eifected with 80 per cent, alcohol. The syrup was first saturated 
with alcohol, then [>oured into hot alcohol, tin' ([uantities being so 
adjust(.Ml that to every 10 parts of dry suhstance there were iire- 
sent in solution not less than 100 c.c, of 80 [)er cent, alcohol. The 
whole was allowed to stand until it becanu^ (M)ld. 

II. The clear ah-oholic .solution from Xo. I. was then decanted 
from the precipitatecl syrup which had fonmal, the alcohol 
remov(Ml by distillation, the residue made u}» to a 20 p(‘r cent, 
solution with water, and set to ferment by tbe addition of 2 
grammes of pre.sseil yeast for every 100 c.c. of solution. After 
fenneiiting for twenty hours all trace.s of maltose and gliuaise had 
disa})peai'e(l. The solution was then boiled, liltered, treated w’ith 
animal charcoal to remove, colour, once more liltered, and evapo- 
rated to a syruj). 

III. This syrup was again tnaited with 85 per cent, alcohol in 
the same way as No. I,, tin; quantities being .so adjusted that for 

5 grammes of dry substance at least 100 c.c. of 85 per cent, 
alcohol were present. 

IV. The clear alcoholic .solution from No. 111., when cold, was 
<lecanted from the residue, evaporate<l to a syrup, and treated in 
the same way as No. 1., using this time 90 i>(;r cent, alcohol, the 
(piantitie.s being so arranged that for every 5, or better 3 grainnu's 
of dry substance, there were not less than 100 c.c. of 90 i)er cent, 
alcohol pre.sent. The clear li(|uid from thi.s, after being decanted 
from the precipitated .syrup, was a solution of isomaltose sufficiently 
pure for most purimses. 

Its weight amounted to 20 per cent, of that of the original starch. 
The contaminating imjuirities, which consisted of mineral matters 
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(ash) and acids generated during the fermentation, were only 
removed with great difhculty. They could only be removed by 
frequent solution in water and re-precipitation by alcohol. 

Ohaxacters of Isomaltose. — As thus pr(q)ared, isomaltose is a 
body possessing an intensely sweet taste. Its opticity in a 10 per 
cent, solution is [«^]i)+i39^ to 140". It has a lower reducing 
action on Fehling’s solution than maltose, only reducing 83 per cent, 
of the quantity wliich an equal w'cight of maltose would, conse- 
quently its reducing power is R. 83 or k 50.63. It has not yet 
been obtained in a crystalline condition, but it has been prepared, 
by leaving it fcjr a considerable time under absolute alcohol, in a 
solid form which <;ould be rubbed to jiowder. It is exceedingly 
difficult to free isomaltose from tbe last traces of alcohol, since 
before these are completely driven off by heat the isomaltose itself 
begins to decompose. The w’eight of dry isomaltose in solution can 
be determined directly by placing 0.5 to i.o gramme of the solution 
in a weighing-tube with ground stopper, and keeping the whole at 
a temjicrature of 100' C, (212' F.) for some lime, weighings being 
made at intervals of an hour until the W(‘ight remains constant. 
The isomaltose assumes a yellow colour, but the. decomposition 
is not sulliciently advanced to all'ect the accuracy of the result. 
Isomaltose is of an exceedingly hygroseo|u<* nature. It is slowly 
fermented l)y yeast, and, when aided upon by diastase, is completely 
converted into maltose. 

The following is the view adojded hy Lintner and Diill wdth 
regard to the transformation of starch under tlie influence of dias- 
tase, commencing with amylodextrin (soluble starch) : — 

I. (C,,H,o(),An -e 5H,() 

H. 3C(thjn''oO,o).(’,-iH.j.,.()n] -i- 6H,() 9[(C^.di,v3)u05.Ci>H->->On]. 

III. 9[(Ci2ir2(i(h"b<Cidb.>'20ii] 4511-20 - 54Ci-21L20h ~ Isomaltose. 

IV. 54C]-2H.2-20u - Malto.^c. 

They did not consiiler that these stages succ eeded one another in 
regular order, Imt that the action iircH^i'eded irregularly, some of tlie 
amylodextrin molecules bcung mucli more rapidly broken down 
than others ; consequently, by the time some of these had reached 
the stage of isomaltose and maltose, others might only be in the 
earlier stages of (h'gradation. In this way it was sought to explain 
the simultaneous j)resence of maltose and the higher dextrins 
which is found in all liigh-angled transformations. 

Schifferer’s Experiments on the Conversion Pro- 
ducts of Starch by Diastase. — At the instigation of lantner, 
Allton Schilferer carried out a series of experiments on this subject. 
These were embodied in an “Inaugural I lissertation ” ^ delivered 
ut the University of Kiel in 1892. 

He first attempted to reproduce the maltodextrin of Brow’ii 
and VIor ris (p. 146), and followed the directions given for its 

* ruUlishfd by Scliiiiidt and Klaiinig, Kiel. 
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”! oiK, 6s- c. ('.4"-« u?- 

filtemr Thc oLlono obtai.icl from the filtrate sinterc.l at 145 0 . 

" 1 u T r , - , ■ C This ao('or.hn'' to the autlior, showed that 
and melted at 3- . ^ products consisted of isomaltose 

rendered rvhUmt’hy tile osa/.one, 

meiaUrauTl!T?> i---' fortwent;' fom- hours at tjrc ordinary 

of alcohol amounted to 90 per cent, of the whole mixtur^. 

After this had l.een kept l.oilit>f,' for two days under a lellux 

il'. I..,l 

rinitite.l syrup, Altered, and the aha.hol distilled oti. Water 
t en' added to the residue, and the whole “'•'•'‘’"‘to'l to a syn 

experiment gave similar ivMilt>. Ao uace 

to Brown and Morris’s mallodextrin was ohser\ed , * ^ .i. 

In another experiment, where 1000 grammes of pot,ito st,i < 

«”.1 . 'S'iS'. f 

and filtered, had an optieiU of [a],, » i5 • veast and 

.f K- I nt 7 1 12^ It was fcrmentejl with > east, . mu 

Idtored treatodw\th aninuil char.a.al, an.l evaporated to a syruix 
This svrup was now fractionated with alcohol, much aftei 1 1 
ImnnerZeribe,! Irefore in Lintner’s experi.nents, - ‘ t - n. 1 
that the products of the sUivch conversion were entirely 
into dextrin and isonialtose, no trace of any intermediary m, 
dextrin being observed. The experiment was so arranged But 
nothing except the first fraction, which consisted principa y 
albuminoms and niiin^ral matters, was lost. 

Tnother ext-eriment was made with 1000 grammes o P°^. 
starch, in which Hert/.feld’s directions ^ 

dextrin were exactly observed The whole of „nd 

with alcohol, and wa.s found to be separable into dextrin 
isoraaltose. no trace of maltodoxtrin ’>•’ "« was 

Schifferer considers that Brown and Morris s ...we 

a mixture of alioiit 67 per cent, dextrin and 33 per cent, isoma . 
I Journal of the Chemical Society, 1885, p. 5 ^ 2 . 
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and Hertzfeld’s a mixture of about 74 per cent, isomaltose and 26 
per cent, dextrin. There seems little doubt that Hertzfeld at one 
time actually liad isomaltose in his hands, for in his attempts to 
obtain crystalline maltose by treating the sweet syrup, from which 
the erythrodextrin had been precipitated with ethylic and methylic 
alcohol, he failed to obtain maltose, but succeeded in isolating “a 
small quantity of a substance, which showed nearly the same 
reducing ]X)wer as inaltos(>, but could not be obtained in a crystal- 
line form.” This (jviite coincides with Lintner’s observations, that 
in mashes conducted at 70 C. (156’ F.) maltose, if formed at all, 
is only produced in small quantities. Had Fischer’s osazone test 
heen then known at that time, [)robably the new sugar would have 
been discovered by Hertzfeld. 

Compound Nature of Diastase.- Cuisinier held the view 
that malt diastase consisted of two enzymes, which he termed re- 
spectively “maltas(U’ and “ dextrinase.” He considered that the 
latter alone was able to attack starch, which it tirst liquefied and 
then converteil into dextrin. The maltase then acted on the dextrin 
and transfornuMl it into maltose. Weijsmann * further elaborated 
this theory of two enzymes, but took a .somewhat difierent view 
of their respective actions. In his opinion, the maltase yields 
maltose, and a high erytlirodextrin, which he terms “ erythro- 
granulose;” whilst the dextrinasc* })roduces maltodcxtrin, but no 
maltose. As the action }»roceeds, the maltase attacks the nmlto- 
dextrin and transforms it into maltose, the dextrinase meanwhile 
converting the erythro-granulose into achroodextrin, according to 
the following scheme : — 

Starch. 


Maltase yields 


Dextrinase yields 


Maltose and erythro-granulose. 


Maltodcxtrin. 


Converted by dextrinase into 
achroodextrin. 


Converted by maltase 
into maltose. 


This action was demonstrated by a number of very ingenious 
experiments. lk*yerink - holds a somewhat similar view : accord- 
ing to this, diasta.se consists of maltase and granulase ; tlie former 
is held to convert a portion of the starch first into erythrodextrin, 
then into maltose, the granulase simultaneously converting another 
portion into maltodcxtrin, and afterwanls into maltose. 

Scheibler and Mittelmeier on the Dextrine.— Since 
the time that the properties of the gummy substance found in 
all starch transformations was first critically examined by Biot and 
bersoz in 1833, wdio, finding that it rotated the polarised ray 
powerfully to the right, named it “ dextrin,” this body, or rather 
mixture of bodies, has formed the theme of numerous investiga- 

* Zvit. f. dag fjes. lirau.f 1S90, p. 186. 

* Central h} att f. Bakt. «. J*arasitenknndf\ 1S95, p. 221. 
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tions and of inucli discussion. Even at the present time it 
cannot he Sfxid that any absolutely definite conclusion has l)een 
arrived at as to the real character of these ho<lies. The (luestion 
as to whether they possess reducing powers or not has been at one 
time accorded, at another time denied them. According to the 
latest view expressed by Brown and Morris, there is but one true 
dextrin, and tliis possesses no reducing power ; it is the substance 
that they believed they had oldained in a state of i)in'ity by the 
action of alkaline mercuric cyanide ; but the later investigations of 
Scheibler and IMittelmeier render it extremely doubtful if the 
body thus oldained was in reality a dextrin at all. It has always 
been held l)y the Continental chemists tlmt there were several 
dextrins, all of which ])ossess a greattw or less reducing power, 
and, according to the light of recent research, tliis seems to he the 
more correct view. 

In 1890 vScheihler and Mittelniei(n’ ^ pointed out the close 
analogy l)etwe(*n the ludiaviour of the dextrins and that of the 
sugars which contain the Ct>ll group. For this <leinonstration 
they emploved commercial dextrin purilie<l by treatment with 
alcrihol. Tlie piirilied preparation was coloureil yellow or brown 
VjV heating with a caustic alkali, and it also r<‘duced bedding’s 
.solution, both of which actions an? (diaracten’istic of tlni sugars 
which coiitaiu the COll groujc They also succeeded in obtaining 
the phenylhy<lrazou<‘S ami [dienylosa/.om's of the dextrins, Ixtth 
.of which were, .soluble in cohl wateu*. Since tlui osazones of the 
monosaccharides are insoluble in wat<*r, eitluT cc)ld or hot, and those 
of the di.^acediarides are .‘soluble in hot wabu', it was naturally to 
be ex[)ected that tin? ()sazom*s of the more coinplrcx aldos(‘S wo\dd 
be soluble in cold water. Ily acting on a dextrin with miscent 
hydrogen, they w(!re able to (»btain a body, dextritol, having the 
ciiaracteristics of an alcohol. By the action of bromine on the 
dextrins l)odies were forme<l which wen^ acid to litmus paper, aiul 
which decomposed calciuni (airbonate with liberation of carbon 
dioxide; eviilently tin; CDll groups of these bodies had been 
convcrteil int(» the (dH)Il grou|), that is to say, tin' (h'xtrins had 
been changed into their corresponding carboxyli<; a(‘i<ls. Tln'St* 
acids could be hydrolysed by diasta.se or by an acid, just as the 
corre.s])onding maltobioidc acid could. They consider these bodies 
were tlie same as tlncse which Bondonneau j)roduccd by means of 
cupric chloride and caustic .soda, and which AViley obtained when 
he em]>loyed alkaline mercuric cyanide, and likewise by Brown 
and Morri.s when they used this latter reagent for removing what 
they believed to be the last traees of a red\ieing .sugar from dextrin. 
In all these case.s the as.siimptiori that the dextrin remained nn- 
attacked w'as erroiHU)ii.s ; it .snlfercd the alteration alluded to above, 
and, a.s a consequence, lost it.s pro))erty of reducing Eehling^ 
solution. From the.se facts they concluded that the non-reducing 
* Ikrichte, xxiii. 3060. 
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dextrin of Brown and ^forris lias no existence. The only objection 
which can lie urged against these experiments of Scheibler and 
Mittelmeier is tliat tlie dextrins operated U[)on were not obtained 
from starch liy the action of diastase, but Brown and Morris have 
also adduced an amylodextrin, produced by the action of acid, in 
support of the amyloi'n theory. 

Lintner and Dull on the Dextrins. —These investigators, 
after a lung and searching examination into the products of starcli 
transformation by diastase,’ in which the various bodies were 
separated by long and tedious fractionation witli alcohol of different 
strengths, and in which tlie properties of the isolated bodies were 
controlled by their rotatory and reducing powers, were able to isolate 
the following substances : — ■ 

Amylodextrin. — This is obtained, on precipitating its aqueous 
solution with alcohol, as a loose white; powder, slightly soluble in 
cold water, nsidily soluble in hot, and sci)arates from a 20 to 3a 
per cent, solution in spluero-crystals. It is insoluble in 40 per 
cent, alcohol, has a rotatory power of [«]i, — + 19^^ > not 

reduce Eehling’s solution. It gives a deep blue colour with iodine, 
and is the principal constituent of solulde starch. They regard 
its composition as 

Erythrodextrin. — Tliis body separates from hot solutions of 
dilute alcohol in sphmro-crystals, is rejulily .soluble in water, very 
slightly so in 50 per cent, alcohol. Its rotatory power is [a],, = 196", 
its reducing iH)wer is R. — i, f.e., i per cent, of that of maltose, and 
it gives a reddish-brown colour with iodine. Its molecular weight 
was found to be 5786. The authors consider that its composition 
is . CY)H.,.,Ojj, and that it ari-ses from the hydrolysis 

of three molecules of amylodextrin, tlius : — 

(Ci:-niuOH,b 4 I-3ILO = 3 [(C]>H,oOio)i 7 . 

Achroodextrin I. — ^This dextrin forms deliquescent sphau'o- 
crystals, is very soluble in water, hardly soluble in 70 per cent, 
alcohol, and gives no coloration with iodine. It has a rotatory 
I)ower of [a]„ -f- 192“, and a reducing power of R. = 10, f.e., equal 

to 10 per cent, of maltose. Its molecular weight was found to be 
1963. They regard its composition as (Ci.jIl2oDio)5 • 
consider that it arises from the liydrolysis of three molecules of 
erythrodextrin, thus : — 

3 [(Ci-.H 3 oOio)i 7 . + 6 H ,0 = 9 [(Ci 2 H,MOu,h • CioHooO„] 

Achroodextrin II. was first found in tlie transformation pro- 
ducts of starch hydrolysed with oxalic acid, and afterwards, though 
’‘uly in small quantities, in those obtained by the action of diastase. 
It has a rotatory power of [a]„ = + 180°, and a reducing power 
equal to 24 per cent, of maltose (R. = 24). Its molecular weight 

given as 979. 

Ost on the Dextrins. — This observer “ isolated from those 

’ Berichte, xxvi. 2533. 

^ Chem. Zeitung^ *895, p. 1501. 
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portions of a starch transformation soluble in 80 per cent, alcohol, 
from which the maltose had been removed by long-continued frac- 
tionation with 95 per cent., 90 per cent., and linally 85 per cent, 
alcohol, a dextrin having a rotatory power of about [a]„ 180 , 
together witli maltose, and a considerable amount of other products 
which were evidently mixtures. He also found tliat the osazone 
test afforded a safe criterion of the presence of maltose in mixtures 
of this nature when present in (piantities above 5 j^er cent. The 
above dextrin, when precipitated by alcohol and dried, formed a 
snow-white powder, not in the slightest degree deliquescent. It 
had a rohitory power of [<t]„ ---- + 180" to 183°, and a reducing 
l)Owcr equal to 28 to 33 of maltose (R. ^ 28 to 33). On analysis 
it yielded ligures closely agreeing with the formula C.,,.II,;.>(.).,^. Ost 
believed that it was a delinite comj)ound, that it was essentially the 
same body as Lintner and Diill’s achroodextrin II. [a]„ — + 180^ 
(R. — 24), and that it was contained in the maltodextrin of Brown 
ami >\Iorris [a]i,3,s(5 = 1 7 O (R. 34). Ost considtu-.s that in the pre[)a- 

ration of amor[)hous bodies like the dextrins al)solute purity cannot 
be expect'd, as it is extremely probable that they may undergo somk^ 
little change during the frequent evaporations and treatment with 
alcohol to which they are subjected in the course of isolation. 

Investigations of Ling and Baker on Isomaltose. -- 

Much d<»ubt has been thrown on the existence of isomaltose by 
several observers. Tin; first to bring tins subject undtT notice were 
Ling and Baker, in a })a]>er road before the Chemical Society.^ 
M^orking with diastase |»repare<l from air-dried malt, and follow- 
ing Lintner and DiiH’s directions, tliey ol>tainc‘d a substance 
liaving an opticity of [a],,...,,. — -f- 144.5" reducing power 

of = 79.64. Its osazone, after being recrystallised from 

water, had a melting-point between 160" and 170^ C. The sub- 
stance itself, after being kept in an exsiccator for some weeks, 
became brittle and could i>e crushed to powder; it was very 
hygroscopic. Viewed umler the micro.scope, it was seen to con- 
tain crystals re.smnbling those of maltose. It had a sweet, lait 
by no means an inUmsjdy sweet ta.stc. Both from the results 
of its ultimate analysis, and of the determination of its mole- 
cular weiglit by Raoult’.s metliod, figures indicative of a disac- 
eharide were obtained. When submitted to the action of diastase, 
the opticity was reduced to -f 131.2^ and the reducing 

power increase<l to R., ,^,. = 94.5 A.s had been j)reviously ob- 
served by lliepc, they found that these changes were not 
accompanied by an alteration in the .specific gravity of tiie 
.solution. Mixed with ordinary brewer’s yea.st an«l kept at a toin- 
perature of 68' to 86'’ F., the sulmtance fermented, though not 
vigorously. They came to tlie conclusion that the body which 

^ Journal of the Chemical Soeviy, 1895, p. 702. 

This result, corrected for the error in Wein’s table, is K. =98.9. 
Appendix C). 



INVESTIGATIONS OF LING AND BAKER 159 

has been termed isomaltose by Lintner is a mixture of maltose 
and of a simple dextrin having the formula Ci2U>2o^io ^ 

composition which would account for the absence of a rise in the 
specific gravity of its solution under hydrolysis. It must, how- 
ever, be observed that the substance prepared by Ling and Baker 
had neither exactly the same opticity nor reducing power of the 
body described by Lintner, besides which it yielded an osazone 
which had a higher melting-point. 

In some further experiments where diastase obtained from 
higli-dried malt was employed, they succeeded in obtaining a 
body which yielded an o.sazone having a melting-point identical 
with that of Lintner’s isomaltosazone. An ultimate analysis of 
this substance yielded figures closely agreeing with those required 
for the osazone of a trisaecharide. From this they concluded that 
the body which yields the osazone melting at 151° C. was a 
trisaccharide. They also noticed that in stanch transformations 
conducted with diastase from liigledried malt a certain amount of 
glucose was invariably [>roduced, but never when diastase from 
low-dried malt h<ad lieen employed.^ 

In a second paper - they stated that all the experiments they had 
made up to that time a[)peared to favour the view |;)reviously put for- 
ward, that isonialtose contained a sim[ile d(>xtrin, -t- HoO. 

which might be an intermediate product between tlie higher dex- 
trins and maltos(*>. They found that, by recrystallising the osazone 
derived from their iweparation of isomaltose from water at 35" C., 
portions crystallised out having considerably lower melting-points 
than those portions which afterwards formed at the ordinary tem- 
perature ; and, lyy successive recrystallisations in this way, they 
were able to obtain an osazone melting at 182° to 183^^ C. which 
closely restunbled maltosazone in a[)pearance. A fraction obtained 
in another experiment, and which melted at 160’ C., yielded on 
analysis results closely agreeing with the composition of a disac- 
charide, con.scapiently they regarded the fractions which melted be- 
tween 150° ami 160 C. as impure maltiesazone. In fact, they were 
able to ol)tain a similar osazone by healing mixtures of maltose 
and dextrin with phenylhydrazine acetate, but this impure osazone 
could be readily purified by recrystallisation from hot wat(‘r. 
They found that when a mixture of maltose and glucose was treated 
'vith phenylhydrazine acetate, the osazones of both these sugars 
could bo separated in a state (.»f purity. In working with diastase 
from kiln-dried malt it was noticed that a small quantity of 
glucose was invariably formed, and this led to their trying the 
action of diastase obtained from tliis kind of malt upon maltose, 
"dien it was found that glueo.se was invariably produced.' 

^ The authors have »ince found that the ability to prod\jce glucose which 
malts display is in no way connected with the kilning temperature to 
"^lach they have been subjected (7>vin5. Chfm. -Sbc., 1S97, p. 512). 

Journal of the Chemical iSocuty^ 1S95, p, 739. 
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In transformations of starch conducteil with the diastase from 
kiln-dried malt, they were always able to detect the presence of 
glucose by the formation of its osazone ; hut the greater part of 
the osazone from the products of the transformation, soluble in 
90 per cent, alcohol, melted at 151“ C., and had the appearance 
characUu'istic of Lintner's isomaltosazone. They gave, however, 
analytical values intermediate between those required for the osa- 
zone of a disaccharide and a trisaccharide. From this, and from 
the fact tliat apparently no maltosazone was obtained from the 
jiroduct of these conversions, they were at first inclined to think 
that no maltose was pres(‘nt, hut afterwards they were able to show 
the presence of maltose in similar products. From this it appeared 
as if a trisaccharide was one of the products of the action of 
kiln-dried malt on starch ; attempts, however, to isolate any other 
crystalline sugar than maltose entiiady failed. Since this osazone 
of a trisaccharide was only obtained in those cases where glucose 
was present, they surmised that tln^ trisaccharide might be formed 
by the condensation of a molecule of the simple de.xtrin with one 
of glucose under the influence of phenylhydrazine. 

The mixture termed “ isomaltose,” prepanul by means of the 
<liastase from low-dried malt and glucose, yielded a mixture of 
glucosazone and a soluble osazone ; tlie. lattiu, after recrystallisa- 
tion, melted at 150^ to 160 C., and on analysis appeared to be a 
mixture of the osa/.<>nes of a <li- and a tri-saccharide, a result which 
might Ix) expected, considering that maltose is a constituent of 
“ isomaltose.” Microscoi)ic examination of the osazone showed 
that it consisted almost entindy of splnulcal aggregab'S of needles, 
but, uiuler a higher magnitication, Hat ribbon-like crystals could 
also be detected. 

Brown and Morris on Isomaltose.— Messrs. Ling and 

Ilaker’s pa})er was shortly folhnved by one from Messrs. Brown and 
.Morris,^ also throwing dou1)t on the existence of isomaltose. They 
first point out that this body does not conform to tludr “ law of defi- 
nite relation,” which they consider to be the most valuable criterion 
of the purity of starch-transformation products. Lintner’s isonial- 
tose has an opticiiy of = + 140' and a reducing power of 
R. = 80, equivalent to = e 15b ' and k = 48.8. This opticity, 
according to their law, requires a k — 55.3, and a reducing power of 
K — 48.8 re([uiv<*s an opticity of ['x] j — + 163. 2. After an elaborate 
investigation of a starch transformation conducted on the method 
tlescribed by Lintner, tlH;y came to the conclusion that isomaltose 
was not a chemical entity, but that by fractionation with alcohol, 
by decomposition, and by fermentation it could he split up in snch 
a manner as to indicfite that it was a mixture of maltose and bodies 
of the amyloin tyi)e. They considered that isomaltosazone was no- 
thing but maltosaz(me, modified in its crystalline habit and melting- 
point by the presence of some impurity ; and they were able to 

' Journal of the Chemical fiociety, 1895, P* 7*^2. 
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compel iiialtosazone to crystallise in the isonialtose form 1>y the 
addition of a trace of an amorphous substance, wliich was pro- 
duced during tlie treatment of those fractions of a starch con- 
version supposed to contain “ isomaltose " with [)henylhydrazine 
acetate, and which tliey regard as a product of the action of tliis 
reagent with substances of the m.dtodextrin or amyloiti class. 
On fermenting a solution of isomaltose, they found 50 to 60 jier 
cent, of this boily fermentalde, and fvom a calculation of the 
opticities and reducing powers of the solution before and after 
fermentation, they show that the portion fermented is simply 
maltose, and that the unfermented portion approaches very closely 
in composition that of an amyloin containing two amylon grou[)s 
and one amylin group. They consider that the only crijstallisahle 
bo'iy formed in starch transformations by diastase is maltose, and 
point out that the osazone alone cannot be relied on as a sulficient 
means for identifying a sugar. 

Lintner’s Rejoinder. — In this the discoverer of isomaltoso 
considers * that ilrown and ^lorris set about their course of in- 
vestigation in an incorrect way, and couM comsecpiently only 
arrive at enoneous conclusions. They evidently worked - with 
im{)urB materials, and could in this way readily obtain osazones 
resembling that of isomalto.se. That they had a mixture of maltose 
and dextrin in tlieir hands was shown by tlm isolation of the 
maltose which they accomplished on furtlnu’ fractionation, and also 
by the residue left behind after fermentation, uhich had a higher 
opticity and a lower reducing power than isomaltoso, and which, 
therefore, he believes to have been dextrin. He further thinks 
that it was a very unscientific proceeding to endeavour to form 
isomaltose by making mixtures of maltodextrin and maltose, be- 
cause naturally mixtures of smdi a nature would yield osazones 
having a lower melting-point than maltosazone. He himself had 
observed tiie same |)henomena with mixtures of maltose and iso- 
maltose, but had never found it possible to transform isomaltosazone 
into thewell-characterise<l maltosazone, nor to raise its melting-point. 

Ost’s Investigations on Isomaltose. — In these an 

attempt 2 was made to prejmre isomaltose according to the direc- 
tions given by Lintner and Diill. The fractions obtained with 
85 to 90 per cent, alcohol, and whicli had a rotatory power of 
about 140“, were collected, dissolved in methylic alcohol, and sepa- 
rated ^nto three or four portions. The treatment with methylic 
alcohol was found unsatisfactory, since fractions obtained in thi^ 
^vay, and which had a rotatory power of 140“, did not prove to be 
homogeneous, and could be further separated by ethyl ie alcoliol. 
^ successful result could be ol>tainod by the employment of ethylie 
alcohol, but the operation was a most tedious one, on account of 
the ready solubility of maltose in dextrin syrups, and of the dextrins 
in maltose solutions. Owing to this, the furtlier prosecution of 

^ Zeit. f. Brnu.j 1895, p. 233. 

* Chem. Zeitunff, 1895, p. 1501, 
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the process was handed over to Herr Ulrich, who was unable to 
detect the presence of isonialtose amongst the starch-transformation 
products. 

Ost then tried another method for removing the maltose. 
It consisted in eva]>orating the alcoholic extracts with sufficient 
water to bring the maltose into the hydrated condition, in which 
state it cu\dd be readily induce«l to crystallise ; since isomaltose 
is said to be uncrystallisalde, it was thought that this method 
would atibrd a ready means of separating the two bodies. Accord- 
ing to a statement made by Soxhlet, crystallised maltose is but 
slightly soluble in methylic alcohol, but maltose and dextrin 
syrups arc soluble in all proportions; hence, by bringing maltose 
into the crystalline condition, it shoidd be ])ossil)le to remove 
it coin{)letely in this way. After the maltose had been removed 
from the jiroducts of a starch transformation in this manner, there 
only remained small (piantilies of syrup, which had a rotatory 
power of less than 145'. These were tested for isomaltosc by 
the phenylhydrazine method. Osazones, very similar to those 
said l)y Lintner and Diill to l)e characteristic of isomaltose, were 
obtained from them ; but, on further study, they proved to be 
maltosazone. This IxKly was found to be of vm-y changeable nature, 
it could be readily made to alter its crystalline form, melting- 
l)oint, Ac., J>y re-crystallisation, by lieating, or by a dilference in 
tlie conditions under whi(;h it was forme<l. Especially interesting 
is the fact (first ob.served by Ling ami Baker) that mixtures of 
maltose and dextrin, which latter body itself yields no crystalline 
o.^azone, when treated together yield a crystalline osazone simu- 
lating isomaltosaz< me. 

Exi)eriments were also made in which part of the starch-trans- 
formati<m pro<lucts ha<l V>een removed by fermentation with yeast. 
In those where tlie whole of the malto.se had been remove<l, no 
osazone could be f)btained; tho.se, in which a portion of the maltose 
had been left unfermented, yielded o.sazones similar to isomalt- 
osazonc. 

Gst came to the conclusion that isomaltose has no real exist- 
ence, and that the i.somalto.sazone Lintner and Diill is sinn)ly 
modified maltosazone. He con.sid<*rH that the altered rotatory and 
reducing jxnver, the uncry.stallisabiiity, and the browning of the 
original substance which ensued on heating, sim]>ly depended on 
impurities, and the rea.son why Lintner and Diill did not obtain 
pure malto.'e is to be attributed to their using methylic alcohol in 
the fractionation. 

Jalowetz ‘ also came to substantially the same conclusion as 
on this subject. 

Ost’s Conclusions with Regard to the Action of 
Diastase upon Starch. — After an investigation into tlie pn^' 
ducts of starch transformation by diastase, ^ to whicli reference 
has been already made ([>. 157), Ost concludes that starch itself 
^ Chem. Zeitung^ 1895, p. 200^. * /ftitZ., p. 1501. 
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has the composition (Ci^Hso^io)?*’ ^ indicating a large but as 
yet unknown number ; that tlie first products of the action which 
possess a reducing power, though their rotatory power is cither un- 
affected or affected in a degree so small as to be unrecognisable, con- 
tain chemically combined water, and that dextrins of the composition 
(^12^20^ ^())« no existence. He considers that the non-reducing 
dextrin of Brown and Morris is non-existent, the substance ob- 
tained by treatment with alkaline mercuric cyanide consisting, as 
had been previously shown by Scheibler and ]\littelnieier, of the 
carboxylic acids of the dextrins. lie points out that O’Sullivan was 
never able to obtain a dextrin entirely free from reducing power, 
and that the law of definite proportion between the rotatory and 
reducing powers enunciated by the Englisli observers is not always 
fulfilled even in their own experiments, and that it is certainly 
not in the achroodextrin II. which he himself had j)repared. 
The method of determining the reducing power employed by the 
English chemists is, Ost says, a fallacious one, and so is the method 
of estimating the quantities of the analysed material from the 
specific gravity of the solution instead of by actually determining 
the weight of the matter in solution. Though this may suffice 
for apjn’oximate determinations, it is insutlicient for the deduction 
of important laws. The theory of Ifrown and Ihu'on arose at a 
time (1879) when the reducing power of the dextrins \vas solely 
attributed to the maltose witli which they were contaminated. 
Ost considers that, after maltodextrin and amylodextrin had 
been recognised by Browui and Morris as indivitlual substances 
with independent reducing powens, the old hypothesis, instead of 
being altered to the amyluin theory, should have been entirely dis- 
carded, since it is neither in harmony with the real facts nor is it 
without internal contradictions. He is unable to decide whether 
the different erythro- and achroo-dextrins of Lintner and Diill are 
individual substances, but considers they were obtained in as pure 
a condition as our pre.sent means will allow. Ost thinks the mole- 
cular w’eight determination.s, especially those of the higher dextrins, 
are of a veiy doubtful value, an opinion also shared by Kuster, 
He is disposed to regard the erythrodextrins not as individual 
substances, but as mixtures of starch and achroodextrin, in ac- 
cordance with the vie\v which had been put forward by ^lusculus 
and Meyer, who found that achroodextrin, to wdiich half a per 
cent, of soluble starch had been added, gave a red colour with 
iodine. Should this prove to bo the case, then all the dextrins 
Would be achroodextrins. 

Mittelmeier’s Views on Starch Degradation,^— Ac- 
cording to this observer, the first action of diastase on the starch 
niolecule is to split it up into tw'o amylodextrins, which exhibit 
considerable diffijrences in their further behaviour with diastase, 
<^ne of them being much more resistant to its action than the 
* ZeiL angcwand. Chcvu, 1895, p. 552. 
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other. By the time taken for the first to reach the stage in which 
it gives a coloured red with iodine, the second has passed through all 
the intermediary phases of starch degradation down to maltose. In 
this way an explanation is readily allorded of the simultaneous 
presence of the highest dextrins and maltose in the same starch con- 
version. That the two amylodextrins difier chemically is shown 
by the fact that the dextrins which they rcs[)ectively yield difier. 
^littelmeier thinks it probable that there is a greater number of 
chemically dilfcrent dextrins than has hitherto been assumed. 

The erythrodextrin wliich forms the more (juickly ho terms 
the primary ; it is distinguished from the secondary by its com- 
parative insolubility in cold water, and by being jirecipitated from its 
hot solution on cooling as a pulverident precipitate, which increases 
on standing. It is insoluble in cold water, but soluble in water 
having a temperature of 60' to 65" C. Both the primary and 
.secondary erythrodextrins reduce Fehling’s .solution and form 
compounds with plicnylhydrazine, thus showing their aldcliydie 
nature. Their opticity is about [«]i, — + 170'. Under the in- 
fiuence of diastase, a }»rimary achroodextrin arises from the pri- 
mary erythrodextrin, which reduces Fehling’s solution still more 
powerfully than the dextrin from which it is derived. It is 
soluble in water, but can be precipitated from its aqueous solution 
by the addition of alcohol, when it assumes the form of star- 
shaped crystalline aggregates. On further liydrolysis it yiehls 
maltose. A secondary acliroodextiin is also derived from tlie 
secondary erythrodextrin. This is characterised by its different 
behaviour with diastase, and also by the fact that its hydrolytic pro- 
ducts yield jelly-like osazones. (8(Hi next paragra})}i.) 

Metamaltose. — The osazone of tliis ])ody was found by Mit- 
telmeier ^ amongst the jelly-like substances which are invariably 
formed when the products of a starch transformation are treated 
with phenylhydrazine acetate. The .secondary achroo- and erythru- 
dextrins when treated with malt-extract yield an abundance of 
thi.s substance, whilst the primary ones under similar treatment do 
not. These jelly-like osazones are only purified with the greatest 
♦lifficulty, and on analysis gave figures corresponding with those 
of the osazone of a disaccharide. The osazone when heated began 
to sinter at 120° C., melted at 145'’ to 148“, and commenced 4 () 
decompose at 160'' to 165°. It evidently differed considerably from 
the o.sazones hitherto obtained from starch-transformation products, 
and as the body which yields it is produced in considerable (pjan- 
tity by diastatic action, and cannot be found in beer, Mittelmeier 
thinks that it probably plays an important part in fermentation. 

Prior’s Achroodextrin No. III.— This })ody was isolated 
in 1896 2 from the products of a starch transformation which 
gave the reaction for erythrodextrin, aiul from which the more 

' Zeit. anf/evmnd. Clicm., 1895, p. 552. 

^ Bayer. Brauer., 1896, p. 1 57. 
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easily fermentable bodies had been removed by fractionation with 
alcohol. It had an opticity of [«]„= 172.1° and a reducing power 
of R. 42.5.^ It was cojisidered tliat this .substance probably had 
the composition (Cj2ll2oOi,))2 + H^O. It was fermentable with 
difficulty, and then only ])artially by the Erohberg or Saatz yeast, 
the fermentation being carried to a somewhat higher degree by 
the former. Mixed with 20 per cent, of maltose, it yielded an 
osazone which exactly resembled the so-called isomaltosazone. 

Ling and Baker on the Dextrins. — These investigators, 
in a third paper read before the Chemical Society,- stated that they 
had been able to isolate, from the products of a starch conversion 
which were soluble in alcohol, a substance agreeing in its pro- 
perties with the maltodextrin of Ih-own ami Morris, and also 
another corresponding to the achroodextrin III. of Prior; they 
propose to term these bodies respectively maltodextrin a and fS.” 
They also obtained, from those unfermentablo portions of the pro- 
ducts of a starch transformation .soluble in alcohol which were 
said by Lintner to consist principally of “ i.^om alto.se,” a body 
isomeric with maltose, and which had an o))ticity of [a]r)= 
an R. of 62,5. This they thought might be the simple dextrin of 
the formula Cj.2H2,)Oio + H^O, the existence of which they had 
surmised in their previous investigations (p. 158). It yielded a 
small amount of an o.sazone melting at 120° to 130° C., and this 
prol)ably pointed to slight contamination with maltose. It was 
soluble in alcohol. 


ACTION OF THE PROTEOLYTIC ENZVME.S OX THE 
PROTEID.S. 

Since it has not yet been found possible to isolate the pro- 
teolytic enzymes from barley or malt, we have to content ourselves 
with studying the action of the two proteolytic enzymes, pepsin 
and trj^psin, which can be obtained in a state of comparative 
purity from the stomach and pancreas of animals. Krauch un- 
successfully attenij^ted to i.solate a proteolytic enzyme from a 
number of seeds, bulbs, tubers, Ac. Gorup-Besanez considered 
lie had succeeded in extracting enzymes of tins nature from tares, 
hempseed, linseed, and germinated barley ; but this is somewhat 
doubtful, since the method he employed for detecting the products 
ef their action is open to criticism. A powerful enzyme of this 
nature has been isolated in a fairly pure state from the latex of 
the tropical plant Carica Papaya. It digests proteids Muth great 
lacility, converting them into proteoses and peptones, a small 
quantity of amides being simultaneously formed. Certain plants, 
’Which possess organs peculiarly arranged for entrapping insects, 

* Bayer. Braucr., 1896, p. 385. 

* Journal of the Chemical Society, 1897, p. 509. 
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are also provided with a powerful proteolytic enzyme, by means 
of which the insects so caught are digested and utilised in the 
nutrition of the plant. The fluid contained in the pitchers of a 
genus of insect-eating plants, the NepentJieSy when slightly acidified, 
instantaneously dissolves coagulated egg albumin. 

Action of Pepsin on Proteids.— The action of this enzyme 
can be readily studied on the proteid, egg albumin, which is a 
substance easily obtained in a state of comparative purity. It is 
only necessary to boil an egg until its contents are completely 
hard, remove the white from the yolk, and cut the former into 
thin slices, or finely divide it l)y ruldfing through a sieve. The 
finely divided albumin is then placed in a very dilute solution of 
pepsin which contains 0.2 per cent, of hydrochloric acid, and ke[)t 
at a temperature of 38'’ C. (100" F.) for two or three hours, when the 
bulk (»f the albumin will have by this time dissolved. If a little 
of the solution is now taken out, filtered, and exactly neutralised 
with an alkali, a precipitate falls. This consists of syntonin or 
acid albumin, and represents the first stage of tin*, action of i)epsin 
on a proteid. If the original mixture is allowed to stand at the 
temperature before indicated for several hours longer, a ])ortion of 
the solution removed, ami, as before, exactly neutralised with an 
alkali, not nearly such a large precii)itate will form. The bulk of 
the synto'nin has by this time been converted into a group of 
lx)dies collectively called “ j)roteoses,” together with a little pep- 
tone. The presence of the proteoses may l»e detected by removing 
the .syntonin from the neutralised li»iuid by filtration, and saturat- 
ing the filtrate with ammonium sulphate. The heavy precipitate 
which is thrown down consists of the proteoses. Nitric acid 
also precipitates these bodies from a fairly strong solution as white 
flocks, which dissolve when the mixture is heated, and reappear 
as it cools. The group of the ])rot(‘oses may be separated into its 
three meml)ers, the |)roto-proteoHe.s, the hetero-proteoses, and the 
deutero-proteose.s, in the bdlowing manner. The fluid which con- 
tains all these three members is saturated with sodium chloride ; 
this precipitates the proto-proteo.se and hetero-proteose. The latter 
of the.se two bodies is insoluble in pure water ; the precipitate 
obbuned above, which contains the.se two bodies, is therefore 
di.s.solved in a dilute solution of sodium chloride and dialysed. 
When the salt has been completely removed by dialy.si.s, the 
hetero-proteoses are precipitated, and the proto-proteoses remain 
in solution. In order to obtain hetero-proteose in considerable 
quantity, the digestion of the original mixture is allowed to 
continue for some time longer, when the transformation of a 
large portion of th(5 proto-proteoses and hetero-proteoses is carried 
a stage further, and they are converted into deutero-proteose.s junl 
peptones. In order to obtain the deutoro-protcoses, the solution 
is first saturated with sodium chloride, then acetic acid added 
drop by drop until a i)recipitate ceases to Vjc formeeb The proto- 
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and hetero- proteoses are not completely removed from a solu- 
tion by saturation with salt, it is only after the addition of 
acetic acid that the last portions are precipitated ; these carry 
down with them a little deutero-proteose. The deutcro-proteose 
can then be obtained by dialysing the acid salt solution until 
it is quite free from sodium chloride, evaporating to small 
bulk, saturating with ammonium sulphate, and hltering off the 
precipitate. This precipitate consists of the deutero-proteoses ; 
the peptones remain in solution. The precipitate tlnis ob- 
tained is then dissolved in a little water, the solution dialysed, 
evaporated to small bulk, and poured into strong alcohol ; this 
re-precipitates the deutero-proteoses, wliicli are then washed with 
alcohol and dried over sulphuric acid. If the digestion of 
the original mixture is carried on for a much longer period, say 
several weeks, a large quantity of the original albumin will have 
been converted into peptones. In order to obtain these bodies, 
the solution, after concentration, is saturatcMl with ammonium 
sulphate, which throws down all proteids out of tlie solution with 
the exception of the peptomes. In order to obtain the peptones 
from the saturated ammonium sulphate solution, the jnecipitated 
proteoses are filtered off, and the filtrate concentrated so as to 
remove the Indk of the salt by crystallisation. The solution is 
then l)oiled with l)arium carbonate to remove the remainder of the 
ammonium sulphate; the ammonia volatilising, and the sulphuric 
acid being precipitated as barium sulphate. Tlie boiling is continued 
until the liquid ceases to evolve ammonia ; it is then filtered, con- 
centrated to a syrupy consistence, and poured into strong alcohol. 
Peptone thus prepared is a gummy substance, which on dehydration 
with alcohol is ol)taine«l as a yellowish powder of a very hygro- 
scopic nature and having a bitter taste. When perfectly dry it 
dissolves in water with a hissing sound, and its solution is accom- 
panied with evolution of heat From a large number of experi- 
ments, which we cannot enter into here, it has been shown that 
the ])roteid molecule consists of two distinct groups or radicals, 
from which the various products of proteolytic action are derived. 
Tlie following schematic arrangement will, without going into too 
minute distinctions, give a general idea of the series of changes: — 


Proproteoae. 
beutoro-protooso. >. . 
boptono. ) 


Protoid. 

1 

Syntonin... 


Hetnigroup. Antigroup . 


1 Hetero^ pro tcoso. Anti-albnmid. 
Doutero-protcose. 

I 

Peptone. 


The great distinction between these two groups, which are called 
fhe hemi- and anti-groups, and which appear to exist in about equal 
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quantities, is that the peptone of the former can he further broken 
down by tlie action of trypsin into a number of amide bodies, 
whilst the peptone of the latter cannot be so broken down. In 
every digestion a variable (quantity of a substance is left undis- 
solved, which is called anti-albuinid ; it is extremely resistant to 
the further action of the proteolytic enzymes, but, by treatment 
with strong solution of pepsin and acid, may be partially converted 
into imti-deutero-albumose, and finally into anti-peptone. 

Action of Trypsin on Proteids. —Trypsin, which is ob- 
tained from the animal ])ancreas, is a much more powerful proteo- 
lytic agent than i)e}>sin, and ca}>able of carrying on the breaking- 
<lown process to a much gnniter extent. As a consequence of this, 
the products of trypsin proteolysis are much more complicated 
than those of pepsin ])roteolysis. Trypsin can act in an alkaline, 
neutral, or slightly acid medium, but its action is most energetic 
in an alkaline one. In its natural state, it occurs as a constituent 
of the ((ancreatic juice, which is a slightly alkaline fluid. Wlien 
causeil to act u{)on a proteid in a solution containing from 0.5 to 
i.o per cent, of sodium carbonate, the stage of the proto- and 
hetero-proteoses is passed thnmgh so ra)>idly that it can seldom be 
observ(‘d, and the protei<l matter is quickly converted into deutero- 
prot<!Oses. These are raj)idly transformed into hemi-])eptonc and 
anti-j)ei)tdne in nearly e(pial quantities. The liemi half is now 
quickly l)roken down into a number of amide bodies, such as leucin, 
tyrosin, Ac., whilst the remaining half suilers no further cleavage. 
The great peculiarity with regard to trypsin is its power to break 
down the hemi portion of the jtroteid molecule into a number 
of crystalline bodies. These are leucin f)r amido-caproic ncitl, 
CH./jll.^CH2CIh,CH(NIh,)C( )( HI; tyrosin or hydroxyphenylamido- 
l)ropionic acid (i>ag<i 100), aspartic and glutamic acids. These 
bodies have long heen known to be products of try])sin jwoteolysis, 
but more recently two other bases have b(‘en discovered, lysin or 
diamido-caproic acid, and lysatin, the con- 

stitution of which is not yet known. Small quantities of ammonia 
have also been detected amongst the }>roducts of the action of trypsin 
on the proteid.s. 

Proteolysis during* the Germination of Barley.— It is 

quite certain that ])roteolysis goes on to a marked extent during 
the germination of barley, since a ])ortion of the insoluble proteids 
are converted into sohihle j»roteoses, and amide bodies are formed 
as well. The vegetable proteolytic enzynm or enzymes resemble 
trypsin in their action when we regard the ])rofoinid changes which 
are brougljt about in the proteid molecule under their influence, 
and yet they resemlde pepsin in acting best in a slightly acid 
medium. Proteolytic acti^m setmis to be once more aroused, and 
to proceed to a limited extent during the process of mashing. 

Proteolysis of the Proteids a Necessity.— In the ger 
mination of the barley, since the proteid matter of the grain has to 



THE ^NITROGENOUS CONSTITUENTS OF MALT. 169 

travel from the endosperm to the germ, it is necessary that those 
proteids vliich are in an insoluble condition should he rendered 
both soluble and diffusible, because, in passing from cell to cel), 
they have to traverse the c(dl-walls. The wort which the brewer 
produces must also contain proteid bodies of a nature readily 
assimilable by yeast, or that organism would speedily become so 
weakened as to be incai)able of fulfilling its functions pro[)erly. 
The diffusible and assimilable bodies requisite for this purpose 
are yielded by the proteolysis of the proteids originally con- 
tained in the barley, effected for the most part during its germina- 
tion, afterwards to a slight extent during the mashing process. 
The albumin and globulins which occur in the barleycorn seem 
completely indiffusible, the proteoses are very slightly diffusible, 
whilst the peptones have very considerable powers of diffusion, 
and the amides are higldy diffusible bodies. 

The Nitrogenous Constituents of Malt.— These are 
partly of a proteid and partly of an amide nature, and though they 
have often formed the theme of investigation, as yet no thoroughly 
reliable process has l)een discovered for their separation and quan- 
titative estimation. The usual plan has been to extract the malt 
with water, and l)oil the aqueous solution after the addition of a little 
cu[)ric hydroxide or ferric acetate. The precipitate thus formed was 
filtered off and considered to ha albumin. It contained, however, 
part of the proteoses as well. The filtrate was then acidified with 
hydrochloric acid and solution of phos})hotungstic acid added, or 
tannin without previous addition of acid, and the })reci})itate thus 
obtained was called “pei)tone.’’ It consisted, however, mainly of 
proteoses, very little, if any, true pe})tone being found in malt. The 
remainder of the nitrogenous matter left in solution was ass\imed 
to represent the amides. The writer^ has j)roposed the follow- 
ing process for the estimation of the proteids in malt : The malt is 
extracted with cold water, filtered, and the albumin in the filtrate 
coagulated at a temperature of 60“ C. (140” F.). The coagulum 
is filtered off and weighed. The filtrate is then boiled for a short 
time, when a second precipitate forms, which is filtered off and 
weighed. This was considered to represent the glol)ulin, but from 
the recent experiments of Osborne it is extremely doubtful if all 
the globulin can be se[>arated by boiling. The filtrate was then 
evaporated to small bulk and saturated with ammonium sulphate, 
when a precipitate consisting of the proteoses (and ])robal)ly some 
globulin) comes down. This is filtered off, 'washed with saturated 
solution of ammonium suli>hate, dried and weighed, the w’eight of 
the ammonium sulphate adhering to the precipitate and filter-paper 
being determined and deducted. The filtrate from this ])recipitate 
IS then diluted with an equal quantity of water and solution of 
tannic acid added. This would precipitate peptone, if it w'ere pre- 
sent; but no precipitate of any moment was ever observed, and this 

' Trans, Inst, of Brewing,, vol. iv. p. 173. 
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led to the conclusion that real peptone does not occur in malt, 
Szymanski ^ considered that he had separated peptone from malt, 
but from the process ho adopted for its isolation, the substance 
■which he obtained and mistook for real peptone was evidently 
deutero-protcose. 

The author of this work, in experimenting on the proteids of 
malt, was never able to detect a hetero-proteose on dialysing the 
precipitate thrown down by ammonium sulphate. A precipitate 
was always yielded on saturating malt-extract with sodium chloride 
and adding a little acetic aciil, and the l)ody is left in solution which 
Szymanski mistook for peptone. In all ])rol)ability, therefore, the 
two proteoses are proto- and deutero-protcose. (See also proteids 
of malt, page 96.) 

Bungener and Fries have given the following analysis of the 
.soluble nitrogenous constituents of a sample of barley and of the 


malt made from it: — 

Barley. 

Malt. 


I’er Cent. 

Per Cent. 

Total nitrogen 

1.690 

1.580 

Nitrogen as albumin .... 

0.161 

0.230 

Nitrogen a.s peptone .... 
Nitrogen ns amides (precii)itable by ) 

0.040 

0.052 

0.060 

0. 1 82 

mercuric acetate) . . \ 

Nitiogcn as ainide.s (not precipitable \ 
by m<‘r(curic acetate) . . ) 

0.154 

0.352 

Total soluble nitrogen .... 

0.355 

0.642 


Hilger and Vai; der Ik'cke give the following ligures of the 
soluble nitrogtmous (constituents of a barley and of the malt made 
from it, all of which are cahndated on the dry 8ul»stance ; — 



Nitrogen of 
Albumin. 

Nitrogen <»f 
PepUine 

Nitrogen of 
Aninioiilurn 
.Salts. 

Nitrogen of 
Am Ido* 
Acids. 

Nitrogen cf 
Amides. 

-- 


Per Cent. 

Per Cent. 

Per C'ciit. 

. 

Per Cent. 

Per Cent. 

Barley . 

0.0600 

0.0046 , 

0.0169 1 

0.0417 ; 


Barley .steeped 

0.0354 

o.oocx; 


0.0294 , 


Green malt 

0.1671 1 

0.005S 

0.0290 1 

0.1417 , 

0.0505 

Dried malt . 

0.I194 

0.0233 i 

0.0057 i 

0.2257 i 

i 

0.0029 
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Hops give to beer that })lea.sant, bitter, aromatic flavour wbieli 
characterises it from all other alcoholic beverages. They have, 
however, .several other important functions to fulfil, lluring the 
boiling process tliey preci[)itate albuminoids, and so a.'^si.st in the 
clarification of the wort, and, by virtue of the resins which they 
contain, contribute es.sontially to the production of a stable beer. 


^ LdndioirtJuch. Vert.- Station ^ vol. xxxii. p. 389. 
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Hops are not only indispensable on account of these ju'eservative 
proj)erties, but also for the peculiarity of the bitter which they 
contain. This is of a transient nature, that is, so soon as a beer 
flavoured with hops is swallowed, the sensation of bitterness im- 
mediately passes away, while with almost all other vegetable 
bitters the taste is persistent, and clings to the mouth for a 
considerable length of time. Tlie aromatic cpiality of the hop 
is essentially distinctive ; althougli many other plants possess 
aromatic flavours, none of them exactly resembles that of the 
hop. Hops p()ssess distinctly narcotic properties, and these appear 
to be greatest in the coarser varieties. 

The Hop Plant. — Til is, tlie Iluinnhts liqtuhia of the botanist, 
is a perennial climbing plant, often met with in the wild state. It 
belongs to tlie Urticaceiv or Nettle family, and is dia^cious, that is, 
the male flowers app<*ar on one plant and the female on another. 
In Phiglish and American liop-gardens it is usual to grow a sprink- 
ling of male plants, but on the Continent these are rigorously 
excluded. In the former case the female flowers liecome im- 
pregnated and form seeds ; in the latter they do not. It is thought 
by some that seed formation ought to be prevented, since the seeds 
are useless to the brewer, and only add weight to the ho})s. Hup 
plants are not raised from .seeds, but by cutting off and transplanting 
portions of their underground steims. They are proverbially a ri.sky 
crop, are subject to the attack of numerous insects and of various 
mould fungi, and are exceedingly susceptible to climatic conditions. 
Consequently, throughout the whole }icriod of their growth they 
need great care and attention, such as constant washing to keep 
olf insects, and sulphuring to ketq) off mould ; and often, after the 
expenditure of an immense amount of trouble and care, a pro- 
mising crop may lx; completely ruined by a few weeks of unpro- 
pitious weather just before the ho[) harvest. 

The ripe female flowers are the parts of the hop })lant used in 
brewing. Pkich of these consists of a number of lu'acts or small leaves 
attached to the extremity of the stem in such a way as to form a 
cone. The Imacts, which are shaped .something like roofing tiles, 
are from a half to three-quarters of an inch in length, and each hop 
cone contains from twenty to forty of them. The lower portion of 
each bract is twisted on itself, and in the interior of this fold the 
female flower develops, to l>e followed later on by the seed. 

The fruit of the hop is a little hard corn, about eight to twelve 
hundredths of an inch in diameter. Fig. 8 exhibits one of these 
fruits in the ripe condition ; Fig. q the same with the exterior skin 
removed; and Fig. 10 the seed taken out of the seed-vessel. The 
opinion that there is a relation between the size of the fruit and 
the quantity of flour which the hop contains is erroneous. 

The peculiar yello\v dust known as the hop-flour, or the “lupu- 
lin,” which is contained in less or greater quantity in all hops, is 
of great importance to the brewer, for it chiefly contains those 
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resins, volatile oils, and bitter aukstances which are of such an 
exceedingly valuable nature. The yellow powder or “ lupu in, 
as it is termed, is secreted by certain glaiuhs which are found on 
the inside of the bracts of the hop cone, upon the stem which 
bears the fruit, and upon the outside of the fruit, ihe quantity 
of lupnlin varies consiilcrably in dill'erent varieties of hop, anti 
also in the same kiiul of hop in diflerent ycar.s, even when grown 
in the same di.strict. The respective proportions of the dillerent 
constituent parts of the hop cone, iiicchamcally separated, are 
<nveii hv llalierlaiul as foll<nvs : — 

" Per Cent. 


Lnpulin (hop-fiour) 

Leaves 

Stems 

Kipe seeds . 


7.92 to 15.70 
69.79 to 7S.36 
S.50 to 17.54 
0.02 to 7.80 


111 a sample from Wiscon.siu tlie last item amounted to 20 per cent. 

In practice, the quantity of the hop-flour present— the coiuli- 
tion,” a.s it is called — is roughly estimated by rubbing the hops 




Firt. 8. 


FlO. y. 
of the JIoi*. 


FlO. to. 



between the hands, the amount of stickiness left forming an index 
as to the quantity of lnpulin present in the hops. 

Varieties. — Hoiks are of many varictie.s. lo the finei km t , 
distimniishcd by their <lelicate aroma and pale colour, belong tne 
(ioldings Wor 4 sters, and .some few others; to the less-pru.e, 
varieties, the .Tones, Fuggle.s, .'cc„ while the Colegatos represent 
what may be termed a coarse kind, lle.sides our native pro, luce, 
excellent Imps are now imported from (lermany, America, am 

Valuation. — Hops should be of a bright greoiiisli-yellow colour, 
rather more inclincl to yellow than to green. When rubbed be- 
tween the han.ls, they should yiehl an agreeable and 1 ""«” 
aromatic odour, aii.l leave yellow sticky trace.s, ‘ 

they contain an abiin.lance of fl.iiir or “lupuliii They shoi U 
also rub to a fine .diaff, ami leave no residue of hbrous nin wr 
behind. A mass of hops, when properly dried, i.s extremely cK > 
when released after being comi.ressed, it immediately ’•e«un es ii 
former bulk. Hops which are used for dry hopping 
disintegrate loo readily, or, ns it is termed, be “mashy, since 
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detached fragments float in the beer, and arc drawn olf along with 
it. Mashiness is either caused by over-ripeness or some defect in 
the drying process. 

It is, liowever, only long experience in the practical handling 
of samples which will enable a person to form a correct judgment 
as to the value of any particular sample of hops. 

Drying* and Sulphuring. —The hops, after being plucked, 
are dried in a kiln resembling in some respects the drying kiln of 
the maltster. Much care is needed during the process, or they 
may be easily damaged. When the moisture has been completely 
removed, sulphur is placed on the fire, and this has the efrect of 
brightening the colour of the hops; the sulphurous acid evolved 
also acts as an antiseptic, destroying to some extent the gernis of 
mould fungi and other organisms attached to them. The (jiiestion 
as to M’hether the sulphuring of hops has a prejudicial effect on 
the wort during its subsequent fermentation has often been a 
theme for discussion. The bulk of the evidence, however, goes 
to show that it is practically harmless. Probably this is not the 
case with regard to the particles of sulphur which are left on the 
hops after the sulphuring for mildew. When ])owdered sulphur 
is mixed with yeast, it exercises no ])rejudicial effect upon its 
fermentative action, but causes during tlie fermentation the evolu- 
tion of a small amount of the oflensive gas, hydrogen sulphide. 

The Chemical Constituents of Hops.— Hops contain, in 
addition to the ordinary constituents of })lants, such as cellulose, 
woody fibre, &c., several other suV)slances which ;u‘e of the greatest 
importance to the brewer. These are the e.ssential oil, the’ resins, 
the tannin, and the diastase*. 

Essential Oil. — On this constituent depends the characteristic 
agreeable aromatic flavour of the hop. Hop oil is readily soluble 
in alcohol and ether, but only slightly so in water, one part of hop- 
oil dissolving in from 600 to 700 parts of water. The boiling- 
point of the essential oil is about 125" C. (257'' F.), but when 
hops are distilled with water the oil passes over with the steann 
According to Personne, hop-oil is a mixture of a liydrocarbon, 
L’joHi( 5, and of anotlier body having the composition Cj,)Hj,5(). 
Chapman ^ obtained, by distilling 80 kilogrammes of hops with 
water, 140 c.c. of es.sential oil. After this had stood for ten or 
eleven months, lie obtained from it, by fractional distillation over 
sodium, 40 c.c. of a sesquiterpene of the formula Cjr,H.,j, which 
had a boiling-point of from 261" to 265'' C., and a specifle gravity 
of 0.8987. Its opticity was [a]„== + 1.2“. Another oil, similarly 
obtained by distilling hops with water, and which was investi- 
gated while fresh, was found to have a slightly lower boiling-point 
It consisted of lower terpenes, of a sesquiterpene, and another con- 
stituent which contained oxygen. Upon further investigation the 
greater part of this oil was found to distil over at from 168° to 
^ Trans, of the Chemical Society, 1894, p. 54. 
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173° C. in a partial vacuum (60 ni.m.), and to consist of a sesqui- 
terpene having the formula Its corrected boiling-point was 

between 263^ and 266'' C., its specific gravity at 15“ C. was 0.9001, 
and its molecular refraction 66. 2. The oil was optically inactive, and 
united with four atoms of bromine to form an oily bromide. Since 
the sesquiterpene was not identical with any of those already known, 
it was named “humuleiie.” A number of its derivatives have been 
described.^ A hydrocarbon was found in the remaining portions of 
the distillate which rapidly polymeri.sed, and j)robably consisted of 
two bodies having the formuhe and The former of 

these probably belongs to that group of bodies calhal “olefine- 
terpenes” by Semndrr.aiul the latter is probaldy tetrahydro-cymene. 
An oil was ol)tained from another fraction, wliich had the agreeable 
odour of geranium oil, and which clo.sely resembhal geraniol. (.)n 
account of its volatile nature, the greater portion of hop-oil is lost in 
the boiling of the wort. It has hitherto been supposed that in hops 
which are stored for a considerable length of time, the hoi)-oil be- 
comes converted into valeric, acid, and that it is this acid which 
gives the peculiarly cheesy odour to old hops. Bungener has found 
that this is not the case; hoi)-oil can be kept for a long time exposed 
to the air without its odour being materially altered. 

Bitter Principles. — -Issleib extracted from hops about 0.004 
jter cent! of a bitter substance, soluble in water, alcohol, and ether. 
It had an agreeable, aromatic, intensely bitter taste, possessed a 
slightly acid reaction, and had the conq)osition Lermer 

and Etti also isolated crystalline, latter principles from hops. Bun- 
gener prei)ar(.*d a latter ])rinci})le of an acid nature which melted 
at 92" or 93" C., was .soluble in alcohol and ether, hut quite in- 
solul)le in cold water. It had the comi»osition C24H.^rp, and 
ap})ears to have hacl the properties of an aldehyde and a weak 
acid. It was readily acted upon by oxidising agents with the for- 
mation of a large (piantity of valeric acid. A small quantity of this 
principle dissolved on prolonge<l boiling with Avater, to which 
it communicated a bitter taste. On evajKjration of the solution 
a resinous residue was left, which was })rol.)ably an isomeric 
modification of the latter substance. The bitter i)rinciple, when 
left exposed to the air, rapidly bec.'ime resinous, and had then tlic 
odour of old hops ; hence it was u.ssumed that this peculiar odour 
was caused by the oxidation of this }U'inciple, and was not due, 
as had been formerly supposed, to an alteration in the hop-oil. 
Though hops owe a certain portion of their bitterness to these 
princi|)les, by far the larger amount is due to the hop-resins. 

The Hop-Besin8. — These are very important constituents, for 
to them much of the bitterne.ss of hops is to be attributed, and 
probaldy the whole of their preservative power. The hop-resins 
have been inve.stigated by Ilayduck, who divides them into three 
groups. In order to obtain these bodies, the powdered hop cones 

^ Tram. Chem. Society, 1895, P* 7^* 
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are first extracted with ether, the solvent being afterwards removed 
by distillation. The residue from the distillation is then treated 
with alcohol, which dissolves the resins and leaves substances of a 
fatty nature l>ehind. To the alcoliolic solution of the resins an 
alcoholic solution of lead acetate is added ; this precipitates one of 
the resins (No. i). The lead is removed from this precipitate by 
hydrogen sulphide, and the resin recovered by solution in ether. 
After filtering off the precipitated No. i resin, the filtrate is 
evaporated to dryness, and the residue trcat(;d with petroleum 
spirit ; this dissolves the second resin (No. 2), and leaves the third 
resin (No. 3) undissolved. Resin No. 3 is contained in the hops 
in much larger quantity than the other two. Nos. i and 2 are 
soft resins, and although they arc* comparatively insoluble in 
water, yet on prolonged boiling a sufficient quantity dissolves to 
communicate to tlie water an intensely lutter taste. It is on these 
two soft resins that the preservative powers of the hops depend ; 
tliey are distinctly prejudicial to the growth of the l)utyric acid and 
many otlier l)acteria, but do not appear to have mucli action upon 
the acetic acid bacteria or upon sarcinje. No. 3 is a solid resin, 
only sliglitly solulde in water, to which it communicates a plejisant 
bitter taste. It is considered that the Uvo soft resins separate for 
the most part from the wort during fermentation, where they form 
a layer on the surface of the yeast, but that more of the third re^in 
remains in solution. The third resin, which is not ])recipitable by 
load acetate, and which is soluble in petroleum spirit, is closely 
related to tlie acid bitter principle of L(?rm(*r, which, from the 
researches of Bungener, appears to be the mother substance from 
which the second soft resin is formed. 

Hop-Tannin Bodies.— llop-tannin, which was first isolated in a 
fairly i)uro state by Ktti, is contained in quantities of from 2.5 to 6,0 
per cent, in hops. Ktti extracted hops first with ether and then with 
absolute alcohol, by which solvents the hop-oil, the resins, and the 
fatty substances were rcmovotl. The hops \vere treated with dilute 
alcohol to dissolve the tannin, Avhich was precipitated therefrom by 
an alcoholic solution of lead acetate. The precipitate thus obtained 
Avas decomposed by hydrogen sulphide, when the tannin was left 
in solution, from which, by subsequent filtration and evaporation, 
it was obtained in the solid state. Prepared in this way, hop- 
tannin is a fawn-coloured powder, of the composition 
soluble in water and tlilute alcohol. Its aqueous sohition precipi- 
tates albumin, but not gelatin. Etti also found that the hop- 
taiinin was accompanied by another substance, phlobaphen, having 
the composition Hayduck ^ has recently examined both 

these bodies with great care. Working by Etti’s method, he 
extracted hops with ether and absolute alcohol, and then with 
<hlute alcohol. This latter solution, which contained the tannin 
phlobaphen, was fractionally precipitated with alcoholic solu- 
* WocKf. Brau.^ 1894, p. 409. 
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tioii of load acetate. The first fractional precipitate consisted 
chielly of phlobaphen, the last of tannin, the others of mixtures of 
the two. The se])aration of the two bodies was edlected by means 
of acetic ether, which dissolves the tannin and hsives the phlo- 
baphen behind. The |)urilied ho[>-tannin was obtained as a pale 
brown amorphous ])owiler, solul»le in water, insoluble in ether, and 
nearly so in absolute alcohol. Uissolved in water, it had a slightly 
lntt(‘r, afterwards somewhat astringent taste. It showed an acid 
leaction with litmus- pa})er, and gave a dark green ci)loration with 
ferric chloride, but no precipitate. It is absorbed by j)owd(‘red 
hide, and this has an important l)earing on its ((uantitative estima- 
tion. Pspecdally remarkable is the readine.'^s with wliich it becomes 
transformed into phlol)a]dn‘n ; even in tin; evaporation of a solu- 
tion of hop-tannin })art of tin; tannin sullers this change. If hoji- 
tannin is Inaited in tin; dry statt; to 140' <d., or if its solution is 
evajiorated with a little sotliuin carboiuitr, tin* whoh; of the tannin 
is quickly and completely (‘onvorted into pbloljaplien. 

Phlobaphen was obtaiin'd in tin* form of a reddish-brown 
jiowder, only ]n\rtially s(duble in boiling water or in absolute alco- 
hol. Its a<[\u*'»us .-solution is of a brownish-yellow colour, and has 
a di.sagreeably harsli, astringent taste. It gives with ferric chloride 
a dirty dark-green ])recij)itat(;. Albumin is ]>reci]»itated liy ])hlo- 
Ijapben' ainl the latter is reiimved from its a(pn‘ous solutions by 
powdei’f'd hido. 'fhe most noticeable j)oint with regard to this 
substance is that it forms with the albuminous matters of tin* wort 
a compouinl whiidi is comjiletely in.soluble, while the tannin btrnis 
a compound which is solubh* in ))oiling wat<*r or wort, and also 
soluble to some extent in tln'se. llnids when coM. 

Alkaloids of Hops. — (driessnuiyer detect(*d the juesence of an 
exceedingly small ({uaiitity of an alkrdoid in hops, which he ternis 
“lupuline,” and which is .said to be a narcotic. It seems to be 
present only in the coar.ser vari(*ties of hops, some of the line.-t 
.specimens being quite free from it. American hops are .said by 
Williamson to contain 0.15 per cent, of an alkaloid which ho has 
named “ Inqfcine.’' This, accortling to Williamson and I.euken, can 
1)0 se})arated into two bodies by means of amylic alcohol, tin; one 
idiuitical in (;oiMp«).sition with morplnm;, and called liy them “iso- 
inorphine,” lln; other being juire hopeine. Another basic substance 
is the cholin found in hop.s to the extent of 0.02 per cent, by ( Iriess 
ami Harrow'. (Irie.ssmayer is of opinion that cholin i.s not contained 
in the ho[)s as such, but a.s a constituent of lecithin, a complicated 
fatty body found in the brains of animals. 

Jleer, w'heii concentrat(;d in a vacuum and ])artaken of, is .said 
by Langer to (*xhibit a pronounc(;d narcotic action similar to that 
cause*! by morphim*. 

Other Constituents. — I»e.side.s the constitmmts mentioned 
al)ovt*, bops contain a gnin, which is soluble in water ; a soluble 
red colouring matter, whicli has an influence on the colour of the 
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beer; proteid ])odies, and some other substances wliicli are ex- 
tracted oil prolonged boiling with water, and wliich have a rank, 
coarse, disagreeable, latter llavajur. Hops, like all other plants, 
contain a certain amount of mineral matter, which chieliy consists 
of the phosphates of ]K)tassium ami magnesium. 

Chemical Analysis of Hops. — Although it is possible to esti- 
mate with a fair degree of precision the various constituents of 
ho[)S, it has not been so far found possilde to establish any very 
delinite relation between the value of the hops and the amounts of 
essential oil, resins, and tannin wliieh they contain. Consequently, 
up to the. present time, chemistry has not allbrded much assistance 
in this direction. Ih*cently Ih iant and ^leai^ham ^ have proposed 
a method for the valuatinu of tlie preservative power of hops, 
which consists in estimating tlie amount of tlie soft resins they 
contain. So far as can Im' semi at present, the method appears to 
be cai)abh^ of yielding .sati.'^factPirv results. Heron- proposes to 
estimate the value of hops by the amount of tannin they contain ; 
he consitlers that the larger this amount is, the better the .sample, 
llarth contirms this view to a certain extimt ; he linds that all 
good Inqis contain high jiercentages of tannin, although there are 
cases in which hojis of very dillerent quality contain nearly the 
same (piantities of tannin. Contrary to tlie statement of Etti 
(p. 175), l)oth these oliservers lind that hop-tannin is jirecipitated 
hy gelatin, and that this suhstam'e is a mueli more efficient reagent 
in tlie estimation of tlie tannin in hops tlian hide-powder. 

Diastase of Hops. — -Hops, like all other jilants, contain dias- 
tase, hut this j)oint ajqiears to liave been overlooked until attention 
was called to the fact by Frown and Morris. ’ The enzyme could 
only lie o.xtracted by water after removal of the tannin contained 
in the hops. A similar phenomenon was observed by Baranetzky 
with referenee to acorns. Tlie pre.sencc of diastase in hops is 
inqiortant as regards its iiiHuence on the secondary fermentation 
in cask, since it there helps to degrade the liigher dextrins and 
bring them into a state ameiialde to the action of the yeast. 

’ Jonvml of the Faicrnted Institutes of Breicitu/y 1S97, p. 233. 

- Ihui., 1896, p. 164. 

Zt’it. f. d. i/esavinit. /iraunrseHy 1897, p. 168. 

■* 7'raiisactions of the Institute of Breiebnjy ii)93, p. 94. 

® Sachsse, Agriculturchcmicy p. 364. 




PART 11. 


CHAP T E R TIL 

THE MICROSCOPE. 

The microscope in its simplest form is merely a magnifying-glass, 
and, as such, has undoubtedly been known for a very long period. 
AVe meet with frerpient references in ancient literature to burning- 
glasses, which are convex lenses ; and as all such lenses possess 
the power of magnifying objects, this property could not have 
failed to attract attention ami receive practical application. The 
compound microscope, which .seems to have l>cen invented in the 
sixteenth century, was at its birth, and for a long time afterwards, 
a very imperfect instrument. For a considerable period it seems 
to have been used for little else but purposes of amusement and 
curiosity, such as the ol)servation of small insects, until it was 
first practically applied by Leeuwenhoek to purposes of scientific 
import in 1675. This pioneer in microscopical science found that 
while fresh water contained no living, organisms, an infusion of 
ground pepper, which had been allowed to stand for a few days, 
teemed with them. He also expressed tlie opinion that these 
organisms did not arise spontaneously, but were developed from 
germs which previously existed in the atmosphere, and which had 
fallen into the liquid ; he considered that the reason they grew 
abundantly in an infusion of pepper or other vegetable substance, 
and did not appear in pure water, was because there was an abund- 
ance of food in the infusion. Since then the question as to the 
origin of the living organisms which ai>pear in this way in infusions 
has been the subject of many discussions and contentions, and these 
have ended in absolutely confirming the triitli of Leeuwenhoek’s 
remarkable surmise. This observer also recognised the peculiar 
forms of starch and pollen grains ; he also observed that yeast 
consisted of a number of round or oval bodies. His observations 
were soon followed by those of Hook, Malphigi, and Grew, by 
whom the cellular nature of tlie tissues of living organisms was 
recognised. The microscopes used at tliat time were necessarily 
''^ery imperfect instruments ; the art of grinding lenses correctly to 
® ape was not then understood, nor was the method of construct- 
a lens with two different kinds of glass, each having a different 
ispersive power, and in this wmy getting rid of chromatic aberra- 
• S’ images of the objects under observation were not only 
istinct, but all lines or points in them were bordered by a series 
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of coloured rings. It was only at the eoinmencement of tin' 
present century that thes(^ matters came to be better understood, 
the result being that in 1S30 mieroseopes capable of magnifying 
up to 400 times, and of a much more ])erfect construction, W(U(> 
oldainable. From this tinn* forward a list of the names of the 
microscopical workers who liavc enriched our knowledge, not only 
of the minute stru<*ture of animals and plants, but also of the 
j)rocesses going on in them, would in itself form a long catalogue. 
As time wmit on, tin' study of the lower organisms, such as tin* 
mould and yeast fungi, became themes for frc(pient investigation. 
Ixiil studied tin* organisms met with in fermenting worts, and 
surmised that there e.xisted a bimily relationshi[) between tln'iii 
and the mould fungi. 'Phe yeast fungi were also minutely in- 
vestigated Ity bees, and the mould fungi by llrefeld and De JJary. 
Pasteur extensively employed the microscope in his rc.searclies 
on fermentation. AVith his important discovery that many of 
the disasters of the bnnvauy W(*rii cau.se<l by organisms fort'ign 
to the true ferment of yeast, and that their presence', could he 
readily detected by the aid of the microsco])e, this instrument at 
once*, took its [dace amongst the other instruments of pn'cisioii 
employed in the brewery, such as the thermonn'ter and the hydro- 
meter. The jnore recent investigations of Hansen have rc'inh'nHl 
the micKt.scope of still greater im[)ortance to the br(iwer, for with- 
out its aid the cultivation and practical em]doyment of single-coil 
yeast would be an iin[)ossibility. In more recent years the 
study of th(^ l)acteria, which are tlui smallest organisms met with 
in nature, has occupied much attention, and the results already 
obtained in this field are of immense im[)ortance. Contiiuu'd 
invi'Stigation in it is likely to lead to discoveries the signilicaiicc 
of which can b*‘ scarcrely conjectured. A[)ace with this, and ])ai’tly 
impelled by the necessity for increa.sed perfection in the instni- 
ments s[»ecially desigmal for the oliservation of these minute organ- 
isms, such enormous imj)rovements have been made both in the 
oj)tical and mechanical [)arts of tlie mi(Toscope, that it is now [>es- 
sible to obtain colourless and absolutely distinct images of objects 
under magnifications of two or three tliousand diameter.s. 

Description of Microscopes. — Mieros(a)[)es arci of two 
kinds, the simple and the (;om[)(mnd. The former in its 
rudimentary form r:onsists of a single lens ; it is, in fact, simi'lv 
a magnifying-glass. A.s .sucli, it is occa.sionally msed in the Incwcry 
for tin; examination of malt, hop.s, tK:c. 

Tin; compound micro.sc.o[)e, whicli i.s, liowcvcr, much more e.v- 
tensively employed hy tin; hrewer, consists of two portion*'^) 
o])tical and tin; mccljanical. Of tln3 two, the former is by far 
most im[)ortant, for tlimigli it i.s iM)s.sihlo to do fairly good woi’K 
with inferior mechanical arrangements ])rnviding the> lenses aic 
good, it is impossible to work with any degree of satisfatdioa 1 
the optical portion of the micro.sco[)e i.s bad. For comfortable, coa 
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veiiient, and accurate working, it is necessary that both portions 
of the instrument sliould not only be of good workmanship, but 
also specially adapted to the class of work for which it is required. 
For this reason it is extremely desirable, when purchasing an in- 
strument, only to go to first-class makers who guarantee their work, 
and also, if possil)le, to obtain the assistance of some one who is an 
adept at the instrument. 

The mechanical portion of a microscope consists of a tube, A 
(Fig. ii), called the body-tube, upon the lower end of which, 
technically known as the “nose,” an internal thread is chased, into 
Avhich either the various objectives are S(*rewed in turn, or the nose- 
piece which carrie.s two or more objectives; this latter is shown 
attached at JJ. Into this body-tube there slides another tube, 0, 
of slightly loss diameter, termed the “draw-tube.” This is com- 
pletely open at its upper end, and into this opening the various 
eye-pieces are inserted. P.y means of the draw-tube the length of 
the instrument can be varied ; this alters the distance between the 


eye-piece and the obj<‘ctive. The body-tube is moved up and down 
by rotating the larg(^ mille<l heads, 1), and by this movement the 
“coarse adjustment” of the distance between the objective and 
object is etlected. The pillar, E, has a triangular bore, and slide-s 
on a triangular [)illar, the movement being cllected by an exceed- 
ingly fiiw; .screw actuated by the. Initton, H ; this arrangement is 
called the “fine adjustment.” The triangular pillar is fixed to the 
stage, /, which is usually a perfectly level bra.ss ])late, perforated 
with an aperture imim'diately under the objective ; it serves to 
su{)port tlie object. The stage is attached by a movaljle joint, /v, 
to the pillar, />, which, in its turn, is fixed to the horseshoe-shaped 
foot, M ; this hitter is giuieriilly loatled with lead in order to render 
the instrument .stable. Under the stage the tail-piece, is fixed, 
which on its low(U' extremity carries the half-circle in which the 
mirrors, /*, swing. The semicircular ])icce is attached to the tail- 
piece by a screw in such a w;iy that it can revolve on the axis of 
the .screw, ami this motion, combined with the swinging one, 
enables the miiT«)rs to lx; placed at any required angle. The suh- 
stage, O, whicli can be raised or iMwered by the rack and pinion, 

is inteinled to su)»port tin; <*ondenser and other acces.sory 
apparatus, A seriics of dia})hragin.s, p(;rforat(;d by ajiertures of 
different si/x;, and which can be fixcul under the stage, are also 
provided. 

The microscope is often constructed so that the coarse adjust' 


rnent is effected by the body of the instrument sliding in 
tube, and this arrangement is sufficient for the ordinary work 
which the brewer has, as a rul(‘, to carry out ; yet, when really 
fine work has to be doin;, the rack-work adjustment is alnio.st a 
necessity, siiua? by its emjdoyment a more accurate centering ot 


the instrument is retained. Tlnu’c is, however, one great con- 
venience about the ordinary sleeve adjustment, which is, that tlic 
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tube can be taken bodily out of the stand when an objective has 
to be changed. 1 

The length of the body-tube varies considerably in the micro- 
scopes of dilfcrent makers ; the English ones provide a wide tube, 
10 inches in length, the Continental makers a narrower tube, 6 
inches in length. This difference in length hecomes a matter of 
considerable importance if the observer uses both English and 
Continental objectives, since the former are optically corrected for 
the long tube, tlie latter for the sliort one. In such a case it is 
better to have a microscope with a 6 -incli tube, which can be ex- 
tended to 10 indies by means of tlie draw-tube. The shorter and 
smaller instruments are undoubtedly more convenient to handle, 
and can be worked with a greater degree of comfort than the 
larger instruments, whicli are somewhat unwieldy. In the instru- 
ments "with tlie sliorter tulie, tlie liands, when moving the object 
about on the stage, arc neari'r the eye ; and delicate movements, 
such as those required for moving the object about on the stage, are 
more easily performed under tliesc circumstances than when the hands 
are a considerable distance away from the eye. Since this fact has 
become universally recognised, most of the English makers manu- 
facture instruments w’ith the body-tube of the Continental length. 

The nose of the microscope should be provided with a screw- 
thread of the })itch known as the “ Microscopical Society’s stan- 
dard,” as all Englisli and most Continental objectives are provided 
with this standard thread. In case ai> objective is not fitted for 
this gauge, an adapter wdiich will enable the objective to be 
screwed on to the nose of the instrument can be procured from 
the optician at a tritiing cost. 

Nose-Piece. — This arrangement (Fig. ii, scre^vs on to the 
nose of the microscope, and is made to carry two, three, or more 
objectives. These can be successively Iirought into line with the 
instrument by revolving the lower plate of the nose-piece, which is 
then secured in position by a catch. This appliance is a great con- 
venience, and .saves much time which would otherwise lie lost in 
screwing and unscrewing the objectives on and off. The objectives, 
when attached to the nose-piece, are covered and protected from dust. 

The Stage. — This, in its simplest form, consists of a perfectly 
level brass or glass plate mounted so as to be at right angles to 
the axis of the liody of the microscope. In its centre is a cir- 
cular opening for admitting liglit to the object. A pair of spring 
clips serve to keep the glass sli}) closely applied to the stage, 
while, at the same time, they allow it to he freely moved about ; 
^or most purposes these are all that is necessary. Some stages 
we provided with a sliding bar, •which can be moved to and 
irom the observer, the bar always maintaining a position at right 
wigles to the sides of the stage. Some microscopes are provided 

, ,! doing thia, care must be taken that the eye-piece does not fall out 

toe tube and become damaged. 
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with a nieclianical stage, by means of which the object can lie 
moved in a straight line from side to side by turning a milled 
head, while another causes the object to travel from before back- 
wards. This arrangement avbls considerably to the cost of the 
instrument, and for the purpose of the Inewcr is (piite unnecessary. 
With a plain stage the hands soon become accustomed to move the 
object about with the greatest degree of nicety. All objects wlnm 
seen under the microscope appear upside down, and consecpiently 
all movements of the object appear reversed. This reversal of the 
movements of the object causes a little diHiculty at first, but this 
soon vanishes. 

The Diaphragms. — These consist of thin plates jd metal ])er- 
forated with apertures of various sizes, and are attacheil to the stage' 
in various ways; they serve to regulate the amount of light which 
obtains access to the ol^ject. Tlie diaphragms are often attached 
to short cylinders which aiaairately lit into the circular opening in 
the stage ; or the cylind(*rs may b(* attached in turn to a plate 
which slides into a dovetailed groove underneath the stage. These 
forms are often re[ilaced by a circular ]>late of metal, perforated 
near its margin by circular a[»ertures <>f varying sizes, which is 
fixed under the stage by a screw jiassing through its centre, 
around which the plate rotatc's. Tin* apertures, as the plate is 
revolved, successively coim.* into jiosition, (‘ach l)cing then (‘xactly 
in the axis of the microscope ; a littl(‘ catch retains tin* plate 
in this ))Osition. This is not such a good arrangement as 
the former, for to obtain tln^ Ijest etlects the diaphragm should 
be immediately under the object. Tn some instruments the 
diaphragm -plate is attached to the sub -stage, and is then a 
considerable distance below the stage; this is the worst form 
of all. 

Iris Diapliragm. — An exceedingly convenient form of dia- 
phragm calle(l the “iris” diajdiragm is obtainable. It is })rovidc(l 
with a number of plates of a peculiar form, so slotted and pivoted 
that when these an.* actuated by a lever the a])erture in the dia- 
phragm is widened or contractcil. 

Sub-Stage. — This is an arrangement underneath the stage, 
which geiuirally consists of a l)ra.ss ring of about ih incli in dia- 
meter, fitted to tin; tail-piece of tlie microscope in such a way 
that it can be moved to and from tin? stage. This movement is 
often obtained by a slide working in a dovetaileil groove, but it is 
much better effected liy a rack-and-pinion movement. The prin- 
cipal use of the sulestage, so far as the work of the brewer is 
concerned, is to sujiport the condenser. The best instruments 
are provided with an arrangement for bringing the axis of the 
condenser accurately int«» line with that of the Imdy of the instru- 
ment. In the instruments of /ei.s3 the condenser is hung on a 
side-pin attached to a piece which slides ut» and down the tail- 
piece ; this permits of the condenser being temporarily turned 
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out of the way when not wanted, and it can he completely removed 
by simply lifting it off the [un. 

Cheaper instruments have,, instead of a sub-stage, a short plain 
tube fixed umler the stage, into which the condenser slides ; the 
tube should bo fitted so as to be truly central, or it is compara- 
tively useless. 

Objectives. — These are by far the most important portion of 
the microscope, for on their perfection depends, in the greatest 
measure, the clearness and distinctness of the image viewed. 
Great care should, therefore, be exercised in their choice. ()l>jec- 
tives generally consist of three .small achromatic lenses mounted in 
brasswork, the upper portion of which carries an external screw- 
thread by which the objective is attached to the microscope. Each 
achromatic lens consists of two lenses of difierent kinds of glass 
cemented togetlier ; by this arraiigemeiit an image free from colour 
is obtained. Many lenses have what is called a “ correction mount, ’ 
by means of w’hich the front lens can be rcunoved nearer or 
farther from the other two lenses by turning a collar. This 
arrangement is for making a correction for tin* thickness of the 
cover-gla.ss employed. All objectives without a correction mount, 
homogeneous oil imimu'sions exceptc'd, yield their l)est results wuth 
a cov(!r-gla.ss of a definite thickness, and this is generally indicated 
on the objective. For instance, if an objective is markeil 0.18, 
this moans that a cover-gla.ss of the thickness of 0.18 millimetre 
is to be used with that particular o))jecliv(‘ in ord('r to obtain the 
best results with it. When, however, the objective is provided wdth 
a correction mount, the ol)server is to a great extent independent 
of the thickness of the cover-glass ; ho has simply to focus the 
object, and turn the correction collar backwards and forwards until 
ho finds the position which yiidds the best and clearest image. 
The correction mount is generally provideil with an index, every 
division of which corresponds tn a o. i of a millimetre thickness 
of cover-glass; consequently, if the thickne.ss of the tM>V(>r-glass 
is known, the index is simi)ly set to the figure corresponding to 
that thickness. 

A certain amount of correction for thickness of cover-glass 
can also be made with the draw-tube of the miero.scope : Avlieii the 
coyer-glass is too thin, the draw-tul)0 is to be pulled out ; when too 
thick, it is to be pushed in. 

The magnifying powTr of objoetives is not, as a rule, directly 
stated, but their focal length is given instead. The magnifying 
power of the combination is equivalent to the enlarging power of 
simple lens of the same foeiis. A simple lens of i-ineh focus 
has, for ordinary eyesight, a magnifying jiower of ten times, a half- 
yich of twenty diameters, and so on, the magnifying ptover being 
in inverse proportion to the focal length of the objective. An 
objective having a focal length of a quarter of an inch will, there- 
ore, have a magnifying power of 40. 
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Aiiertiire . — The amount of detail which an objective is capable 
of showing depends upon what is called the “angle of aperture” 
of the (objective. Of two objectives of the same focal length but 
diflereiit apertures, that with the wider angle )vill permit the 
entrance of a larger cone of rays than that with the narrower 
angle ; the former will consequently have a higher resolving power. 
Such objectives are considerably more diflicult to manufacture 
then those of a narrow angle, and are consequently much more 
ex[)ensive ; they are not, however, reciuired for the purposes to 
which the brewer ordinarily applies his microscope, ^foreover, 
they jiossess but little “depth of focus,” that is, the thickness of 
the ]dane which is in focus at one time is exceedingly thin, 
and the wider the aperture with objectives of the same focus, 
the thinner this }>lane becomes. The same happens with ob- 
jectives of high power ; the shorter the focus, the thinner th(‘ 
plane in focus. This is a source of some difticulty to the be- 
ginner, and is r(ui.e<lied by pcr[)etually altering the focus of the 
instrument. In this manner a number of different planes are 
brought successiv(dy into vie^w, ami, by (M)mbining tlu'se mentally, 
a general conception of the structure of the whole thickness of 
the object is obtained. This cannot, however, be })ushed too far, 
because, if the object under examination is thick, its deeper layers 
appear misty and indistinct. 

Apochrornatks , — A new series of objectives has l)een intro- 
duced of late years which are called “ apochromatic.” P>y the 
(unployrnent in their manufacture of special kinds of glass, and the 
introduction of a lens of the mineral fluorite, and also by means 
of the most careful mathematical calculations, these objectives 
have been brought to a higher degree of perfection than any 
hitherto produce(i. The apocliromatics are exceedingly expjuisive, 
and will never lie required by the brewer unless he intemls to 
become an expert in bacteriology ; even in this case he will manage 
for a long tinu^ with the onlinary objectives, since at first he would 
luoliably be unable to appreciate the difference Ixdween the two. 
The ajiochromatics pccs.se.ss one marked advantage ; they can be used 
with eye-pieces of very high magnifying pow'er. Thus a (piarter- 
inch olijective may be used with an eye-piece magnifying 27 dia- 
meters, which gives an enlargement of 1080 diameters, as well as 
with an eye-piece magnifying only 2 <]iameters, or with any other 
eye-piece intermediate lietween the.se two. Thi.s, whicli gives 
magnifications of from 80 to 1080 by sinqdy removing the. eye- 
pieces, .saves much trouble in screwing and unscrewing the various 
objectives. 

hmiyfirHmn ()})jeriiKeH . — In addition to the ordinary olqcctivcs, 
which are termed for the sake of distinction “ dry,” another series is 
manufactured which are termed “immersion.” When using tlu^se, 
a drop of water is placed between the cover-glass and the front lens 
of a “ water immersion ” objective, or a drop of cedar-wood oil in the 
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case of an “oil immersion.” The object of using an immersion 
fluid is to bring a larger cone of rays into the objective. Light 
in its passage from the cover-glass to a dry objective has to traverse 
a layer of air, and rays of light in passing from glass to air suffer 
refraction, that is, they are bent away from the perpendicular. 
If, however, a layer of a medium such as water, wliich has a 
higher refractive power than air, is inserted between the cover- 
glass and the front lens, then the rays are not bent so far away 
from the perpendicular, and consequently a larger bundle enters 
the objective. When a layer of cedar-wood oil, which has the 
same refractive power as glass, is inserted in this way, the rays 
suffer no refraction at all ; they continue straight along in their 
course, consequently a still larger bundle is able to enter the 
objective. This is not only erpiivalent to increasing the angle of 
the objective, and thus giving better re.solving power, but, as there 
is always a certain lo.ss of light when the rays pass through layers 
of media of differing refractive powers, a gain in the direction 
of illumination is also obtained. It follows, as a consequence 
of tlje oil employed being of the same refractive power as the 
cover-glass, that an oil immersion is independent, within wide 
limits, of the thickness of the cover-glass, and for this reason such 
objectives are called “ homogeneous.” 

Ohjerticci^ Nece^nsnrtj for the Breu’cr . — For most purposes two 
will suHTice, a half-inch and a tenth of an inch. The former will 
be found useful where low magnification is required, or for find- 
ing the position of small objects, and the second is sufficiently 
powerful for the examination of yeast, whilst bacteria are readily 
seen with it. 

Should it be intended to enter more deeply into the study of 
bacterial organisms, a higher power will be required, and the most 
useful all-round objective for such work is a twelfth of an inch 
oil immersion. 

C(in>. of Objectives . — Microscopical objectives are very delicate 
and fragile articles; consequently great care must be taken not 
to subject them to any rough usage in handling : a fall on to the 
floor would be almost certain cither to fracture the lenses or dis- 
locate them from their settings. If the surfaces of any of the 
lenses, with the exception of the front surface of the lowermost 
one, get contaminated with dirt, the objective should be sent to 
the optician to be cleaned. After working with an immersion 
objective, it should be carefully freed from adherent fluid and 
polislied with a soft cloth. A little chloroform or benzine will 
assist in the removal of the last traces of the cedar-wood oil used 
■'vith oil immersions. When using an immersion olqective, care 
must be taken that the immersion fluid does not get mixed with 
the fluid oozing from between the glass-slip and cover-glass ; also, 
jhen observing objects mounted in Canada balsam, that the oil 
does not get contaminated with the balsam. 
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Eye-Pieces. — Tlie most common and generally useful form of 
microscopic eye-piece is that invented by lluygliens, and called, 
after him, the “ Iluyghenian.’* It consists of two plano-convex 
lenses, liaving their C(,>nvex sides directed towards the objective, 
with a diaphragm between the lenses. It is the simplest and least 
expensive form of eye-piece, and is siiital)le for all ordinary pur- 
poses ; in fact, it is the best form to use with onlinary objectives, 
for, as these are over-corrected and the eye-pieces under-cornH;ted, 
the two balance one another and give a correct image. When, 
liowever, apochromatic objectives are made use of, what is called 
“compensating” eye-pieces must he employed. These are over- 
corrected, and, as the apochromatic.^ are under-corrected, the two 
balance (3ne another. As coini)en.sating eye-[)ieces are constructed 
with achromatic leirses, they are considerably more expensive than 
the ordinary Huygheiiian. 

The various magnifying powers of the eye-iueces are denoted 
in England by the letters A, J}, C, A'c., 1»egi lining with the longest 
power; on the Continent by numbers, i, 2, 3, A’c. The magnify- 
ing powers corresponding to th(*se will gemu’.ally be found in the 
maker’s catalogue. 

With a micro.scope having a 10-incli tube, the total magni- 
fying power of any combination is found by multiplying the 
magnify inj; power of the objective by that of the eye-jnece. 
Thus, taking a tenth of an inch objective, which imignifies ico 
diameters, and an eye-])iece magnifying 5 diameters, w’e obtain a 
total magniti(‘ation in diaimders of 100 x 5 = 500. With a 6-inch 
tube the magnifying power is found by the formula — 

objective power x ocular power x tube lenj;tli . 

10 

wdth the before-mentioned combination this would be 300 

1- 1 /loo X 5 X 6\ 

diameters ^ j. 

Illuminating Apparatus. — In work where objectives of no 
higher pow’er than a ([uartcr of an iiudi are euij)loyed, the light 
rellecded by one of the mirrors under the, stage wdll he sullieieiit 
to fully illuniiiiate the ohj(*et. ( )iie of thesi* mirrors is jilane (that 
is, perfectly Hatj, ihe other concave ; tlie latter brings a (auiical 
bundle of light rays to a focus on the object, and consequently 
gives a greater illumination. Tlie former mirror is emi)loye(l 
w'hen viewing oljjects with low' magnifying [powers, the latter 
when liigher-powau’ olqectives are heing used. When, however, 
it is reqnir(Kl to work with pow’crs higher than the quarter of 
an inch, or with an immersion objective, it is ah.s()lutcly in'ces- 
sary to enqiloy a condenser which i)rhigs a very large bundle of 
light rays into the ohjcctive. The most common form of con- 
denser is tliat invented by Ah]>6 (Fig. 1 1, fj), wliich consists of two 
or three convex lenses of diflering curves. Since it is made with 
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simple lenses, it is not achromatic ; hut as it is comparatively in- 
expensive and fulfils most ordinary requirements, it is frequently 
employed. Achromatic condensers are also made on a similar 
principle, and, though considerably more expensive, undoubtedly 
possess advantages over the cruder form. The condenser, whether 
of the achromatic or non-achromatic form, is either provided with 
a series of diapliragms, with a revolving plate, or with an iris 
diaphragm. An arrangement is i)rovided on the sub-stage by 
which the condenser can be moved nearer or farther away from 
the object, the ])est form for tliis being a rack-and-pinion move- 
ment. An arrangement for centring the condenser truly is also 
necessary wliere fine work has to he performed. 

One of the lower-power olqectives, half- or quarter-inch, makes 
a very efficient condenser, if an arrangement is provided for attaching 
it to the su]>stage. 


Choice of a Microscope. — For the ordinary work of the 
l)rewery, which chiefly consists in examining yeast, one of the 
smaller and less expensive forms of microsco]:)e stand is sufficient. 
These are to l)e o]>tained at prices ranging from ^i, los. to 
Such a stand, fitted with a half-inch and a tenth of an inch objec- 
tives, and a (jouple of eye-pieces magnifying five and ten times, 
will be am])le for this purpose. 

The microscojie staml should be thorougldy rigid, stalile, and 
free from all vibration ; the form of foot such that when the 
body-tube of the instrument is placed in a horizontal position there 
is no tendency to topple over. All the movable parts should 
work smoothly and without any tendency to jerkiness, and should 
lit so accurately that the body of the instrument, wherever placed, 
is never thrown out of line. This should be esiiccially the case 
with the fine adjustment. When an object is being focussed, 
either with the coarse, or the fine adjustment, it should not change 
its position in the field. Instruments whicli do not comply with 
this condition arc jiarticularly irritating to work with. 

The Objectives. — ^Those .should give a bright, well-illuminated 
hehl ; the image of the object should be clear and distinct, without 
the slightest tendency to luiziness ; its contours should be cleanly 
cut, and not surrounded by fringes of various colours. In testing 
objectives it is usual to employ what is called a ‘-test-object” 
_ 11s, for objectives up to i-qth of an inch, generally consists of 
the scales of the wings of moths, many of which exhibit delicate 
markings. The PleMroiiupna mupilatum, a iliatom which is readily 
0 J auiable, forms an excellent object for testing the highest objec- 
ive. Its markings should be distinctly brought out by the i-io 
me i objective, their lioneycomb formation being rendered dis- 
tinctly visible. 

The field of view should be perfectly flat. When a perfectly 
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flat object, such as the impression of the tij) of the finger on a 
glass slip, is viewed, the whole impression should be in focus at 
the same time. This sliould, at all events, be the case with the 
lower objectives, with which o})jects of some size are generally exa- 
mined. Unfortunately, with objectives of a higher power than the 
quarter-inch, this does not seem to be so readibly attainable ; but 
as with these either very minute objects are. examined in the middle 
of the field, or only very small portions of larger objects, it is not a 
very serious source of trouble, since a very slight motion of the 
line adjustment serves to l)ring the different ])ortions of the field 
successively into focus. The objective should be free from siflieri- 
cal aberration, a defect depending upon the lenses not being ground 
to the proper curves, or a ilistinct image is unobtainable. If the 
images of objects viewed under a particular olqective are fringed 
with a border of several colours, such an olqective is not properly 
corrected for colour — it exhibits chromatic aberration, which is a 
very bad fault. All objc(*tives, apochromatics excepted, show 
some little colour, which in the best glasses is of a reddish- purjde 
tint (port-wine colour), and this arises from what is knowui as 
“irrational dispersion.” It is imi)o.ssible to correct the whole of 
the colours of the spc'ctrum with len.ses made of diJferent kinds 
of glass, but by introducing into the combination a lens made of 
the mineral substance norite, as is done in the apochromatics, 
colour cani)e totally su[)pressed. 

Illumination. — Tlie micro.scope may be used eitlier with 
natural or artiticial light. In the former case we utilise the light 
reflected from the sky, or, better, that from a wliite cloud. Direct 
sunlight must never Ix) used. In choosing a room for microscopical 
work, one witli a window looking towards the north should be 
.secured if po.ssible, for liere we are never troubled with direct 
sunlight. In case we are unable to obtain a room with a northern 
aspect, then the window should be provided with a roller-blind, to 
shut out the direct rays of tlie .sun. Tlie best material for such a 
blind is tracing-linen. Thi.s, when the .sun shines on it, gives a 
bright white light well adapted for micro.^^copic observation. 

A small flat-flanuMl paraffin lamp is one of the most convenient 
and rea<lily obtainable .source.s of artificial liglit for inicro.scopic 
work after dark. It should be provided with a shade, .so as 
to protect the eyes of tlie ob-server from the glare of the direct 
light. A chimney of a light-blue tint, or a piece of glass of the 
.same colour placed between the light and the mirror, takes off tlui 
yellow glare of the lamp-light. The light .should be .sufliciently 
modified by introducing discs of optically worked tinted glass 
between the mirror and condenser, so as not to be glaring, for 
nothing fatigues the eye so much as a dazzling field. 

Exceedingly convenient lamps for microscopical work are sup- 
plied by the opticians. In these the chimney is made of metal, ami 
as it has only an aperture in front to permit the exit of light, the 
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remainder of the room is kept in comparative darkness. In front of 
this aperture a slide is provided, into which fits loosely an ordinary 
frlass slip. This is an exceedingly convenient arrangement, since, 
if the glass breaks owing to tlie lieat, it can be immediately replaced 
by another. The light from such a lamp may be modified at will by 
inserting a slip of blue glass of the size of a cover-glass. Such slips, 
of varying depths of tint, should be ke})t at hand for this purpose. 

The Diaphragms. - -When using the higher powers, a diaphragm 
perforated with a small aj)erture must be employed. This should 
be slightly less in diameter than the front lens of the objective, 
but the field of view should be illuminated up to its Ijorder. If 
too small a diaphragm is used, only the central part of the field 
will be illuminated. 

Drawing^ Apparatus. — Nothing conduces so much to pro- 
duce a lasting impression on the mind as drawing objects seen 
under the microscope. Although any }M;rson with a competent 
knowledge of drawing may do this without assistance, yet, if abso- 
lutely accurate pictures are to be producetl, such as will allow 
of comparison with one another, then one of those iiiTangements 
must be used which, while permitting tlie observer to see the 
image of the object under the microscope, also allows him to see 
the point of his pencil and the surface of the paper. Several 
such appliances may be had. 

Glass Slips. — A number of these will be ro([uired ; they 
serve to support the object during observation under the micro- 
sco[)e. They are thin level slips of glass, with ground edges ; the 
size most commonly employed being tliree inches by one incli. 
A quantity of hollow’-gronml slips should also be provided; these 
are somewhat thicker, and have a circidar or oval hollow trough 
ground on one of their sides. They are very frequently employed 
in brewing w'ork. 

Cover-Glasses. — These are very thin slips of glass, varying 
from o. I to 0.3 millimetre to of an inch) in tliickness. 
dhey are either cut into squares or circles of from three-eighths to 
three-quarters of an inch in diameter, l)ut larger sizes are occa- 
sionally required. Cover-glasses differ much in thickness, and as 
“ dry ” or “ water immersion ” objectives are constructed to yield 
their best results with a cover-glass of a definite thickness, care 
should be taken to obtain glasses of the various thicknesses suitable 
to the different objectives tlie observer employs. Unfortunately, 
cover-glasses of definite thicknesses are not sold by English opti- 
cians; they stock only two kinds, No. i thin, and No. 2 thick, 
t|ie individual members of which vary considerably in thickness, 
over-glasses of a measured thickness are obtainable at most of the 
Continental houses.^ 

Micro-Chemical Reagents. — A numerous class of sub- 

* branch establishment at 29 Margaret Street, Cavendish 
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stances of this kind are used in microscopical manipulation ; they 
cause certain reactions, coloured or otherwise, with the various 
constituents of animal or vegetable tissues, by means of whicli 
these constituents can be identified. For our present purpose 
only two of these will be necessary : iodine solution, made by 
adding 0.5 gramme of iodine and 2 grammes of potassium iodide 
to 150 c.c. (cubic centimetres) of water, the mixture being fre- 
quently shaken until perfect solution is efiected ; caustic potash 
solution, made by dissolving 0.5 gramme of that substance in 
100 c.c. of water. 

Staining* Fluids. — A number of these, wliich are generally 
solutions of the aniline colours, are also employed in microscopic 
work. The various tissues stain in dilferent ways, or take one 
stain and reject otlnn-s ; coiisecpieiitly, much assistance is obtained 
in this way in their diflerentiation. One staining fluid will sullice 
for present [)ur[>oses, and for this methyhuie-blue is chosem, l)ecause 
its solution keejis indefinitely, which is not generally the case 
with the rest. Tin* stain is made by dissolving one part of the 
dye in 100 parts of water. 

Microscopical Manipulation.— In commencing, a low I)0wer 
objective is serewed on to the nose of the microscotte. If the 
body-tube sli<les in a sheath, then it may be entirely removed for 
this purpose, care ])eing taken that the eye-piece does nut fall out 
<luring the niani})ulation. This is l)est avoichal by lioldiiig the 
eye-[>iece with tin; index finger of the left band, wliile the thuinb 
and remaining fingers gra^p the tube. In case tlie instrument i.s 
provided with a rack-and-{)inion coarse adjustment, the tube must 
1)0 racked out as far as it will go, and the objective then serewed 
on. In the fornn;!* case the tube is rei)laeed and ])nsbed down to 
within the distance (jf a ([iiartor of an inch from the stage ; in the 
latter, racke<l down to tin; same distance. Tin; instrument is then 
placed before a window, the body-tube slightly inclined at an 
angle, and the mirror (tin; plane one this time, as a low power is 
))eing us(;d) moved about until the field of view is equally illuini- 
nated. Care must be taken that the tail-piece which supports 
the mirror is perfectly central, and does not hang to one sulc or 
the other, as we now wish to ob.servc by direct, and not by oblique 
light. If, on looking through the instrument, black spots of 
irregular outline are <iften seen in the field, these arc caused hy 
dust or <lirt on one or hotli of the. lenses of the eye-i)ieco, and, if 
this Ije slowly rotated, the speek.s will he seen to move round with 
it. Ill this case the upper lens must be unscrewed, the tlirt on it 
removed witli a jiiece of .soft linen rag or chamois leather, rcjilaced, 
and looked through to see if the objects have disappeared. H net, 
it is the lower h;ris «)n which tlie <lirt is lodgeil ; this must ho 
removed and similarly cleaned. 

Interpretation of the Appearance of Objects as seen 
under the Microscope. — Objects observed by the 
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vision are almost invariably seen by reflected light, rarely by trans- 
mitted. In microscopic observation these conditions are reversed ; 
here it is comparatively rare that we use direct light in the exami- 
nation of objects ; they are in most cases examined in a thin layer 
of some fluid, generally water; consequently, their appearance 
as seen under the microscope is entirely ditferent to that of objects 
as we usually see them. For this reason it is necessary tliat the 
microscopic observer should familiarise himself with the appear- 
ance of objects as seen under the microscope, so that he may be 
able to interpret their forms correctly. In order to do this, it is 
best to begin by examining a few objects of known shape, first by 
direct, then Ijy transmitted light. For this purpose take a piece of 
thin glass rod, heat about half an inch of it in the flame of a Bunsen- 
buriier or blow-pipe until softened, then draw it out quickly 
until a strand of glass about the thickness of a hair is obtained. 
Repeat the process with a piece of thin glass tube ; in this manner 
a fine tube the thickness of a liair will be obtained. Now place 
fragments of these, about an inch long, on a glass slip ; block 
up the aperture in the stage by the proper appliance for that 
purpose, and examimi these two objects by direct light, using the 
lowest power oljjective, and keeping the microscope in a vertical 
position. In order to find the correct focus, the body of the 
instrument is pushed or racked down until the olqective nearly 
touches the object, and, while looking down the microscoj^e, 
the body is slowly raised until the object comes into view, 
yiiould the objective have been raised .some consideralde dis- 
tance, say an inch, without the object being seen, then the correct 
point has been overstepped, and the process must be commenced 
anew. This is the best way of finding an object for a beginner; 
but with practice, and a correct a[)[)reciation of the distance 
(technically called the “ working distance ”) which the various 
objectives require, the worker will be aide to push the tube down 
until tlie object is found. Ureat care must be taken in t)iese 
manipulations, or the objective may be brought in forcible contact 
with the object and damaged ; this is especially liable to occur 
With a rack-and-pinion adjustment. Having caught sight of the 
object, the final focussing is proceeded with ; this is cflected by 
rotating the milled head of the fine adjustment first in one direc- 
fmn, tlion in the other, until the object is seen sharply defined, 
^e now see these objects under the usual conditions of ordinary 
vision, that is, by reflected light, and shall have no difficulty in 
otecting which is the solid rod and which is the tube. 5fow 
P ace a drop of water on these two objects and cover them with a 
cover-glass, avoiding the introduction of air-bubbles. This is best 
a the cover-glass at an angle, bringing one of 

ina contact with the glass slip, and tlien slowly lower- 

occi ^ position. Move the minute tube and rod so that they 
Py a position at right angles to the long axis of the glass 

N 
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slip; leave the aperture in the stage completely open, that is, 
without diaphragm ; place the mirror in position, and focus. A 
difficulty will now be experienced in detecting which is the rod 
and which is the tube. This may be instantly dispelled by 
swinging the mirror to one side, at the same time adjusting it 
so that there is always some light in the field. The white strip 
of light in the rod moves as the mirror moves, and follows th(‘ 
direction of its motion ; thus if the mirror be moved to tlie left, 
the strip of light in the rod will move to the left. The strip of 
light in the middle of the tube moves also, but in a direction 
opposite to that in which the mirror moves. Now place the mirror 
in its former central j)osition, and note the diirerenco in the appear- 
ance of the two objects; the rod lias a single bright line running 
down its centre, with two dark borders ; the tube has a niimlxT of 
alternate bright and dark lines. Touch the end of the tube with 
a drop of water — -water will enter it by capillary attraction ; stop 
when the tube is half fille<l ; (nxamiiK* and note the dillerence in 


appearance betw(‘en the portion containing water and the (‘iiiitty 
one. That portion which is tilled has lost its complicated series 
of lines, ami now looks like an empty tube. Swing tin* mirror, 
and note the appearances under oliliqiie illumination. Now take 
otr the objects and dry them e.xt(*rnally. Having also cleaiu'd 
the slij) and cover-glass, examine the two objects in a drop ef 
glyc*erin. The rod has lost nearly th(* whole of its black bonlrr, 
ami appears like a flat strip of glass. The walls of the tulx; also 
look like strips of flat glass, and tlie bands of white* and Idack in 
its empty portion are much more strongly ])rom)um;ed than thoy 
were when it was viewed in water ; they arii slightly mons so in 
the part tilled with water. Examine a little Avln*at-meal in a drop 
of water, and note the circular starcli cells, which an* seen with 


]>erfect distinctness. Now examine another portion of the meal 
in a drop of turpentine ; the starch cells are almost invisible. 

Now place a drop of wort, mucilage, or white of egg on a 
glass slip, and heat it up with a penknife so as to introdno* 
bubbles of air ; place on a cover-glass and examine under the micro- 
scope. (Jet a jieifcetly circular bubble in the centre of the field, 
and examine with central light. The bubble, when in foems, 
appears as a black disc witli a .small bright spot exactly in it'* 
centre when the light is central.' Slowly elevate the body of the 
microscope ; the centre gradually becomes dim, and the 
lo.ses its sharp outline. After focussing again, swing the minor to 
one side; the bright spot moves in a direction contrary to that o 
the mirror; under very oblique illumination an air-bubble api)ca^ 
as a black thick ring with a grey centre, having a very brigi 
spot at its side. Now l)oat a droj) of oil of any kind 
of the liquids mentioned above, cover, and examine. The Im ) ^ 


' Thus the appearance of the bright Bj)ot in an air-bubble forms a con 


venient means of ascertaining when the light is central. 
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resembles to some extent an air-bubble, but its dark border is not 
so wide. Focus up, and notice that, as the tube rises, the centre 
of the oil-globule is the last to disappear. Swing the mirror to 
one side ; the bright spot follows the motion of the minor. The 
cause of these dilTerences in the appearances in the same objects, 
when seen under the varying comlitions of observation, is owing 
to the diderence in their refractive power and in that of the 
various media in which they are being examined. The oil-globule 
and the air-bubble were very distinct, because each differs greatly 
in refractive power from the medium in which it was surrounded ; 
oil has a much higher refractive power than the liquid medium, 
air a much less. Glass has a refractive power liigher than either 
of them, and gly(;erin has a power nearly as high as that of glass. 
Turpentine has almost the same refractive power as starch ; hence 
starch is almost invisible when viewed in that fluid. Had we 
examined the glass rod in a drop of cedar-wood oil, which has 
exactly the refractive power of glass, it would have been perfectly 
invisible. 

The results of these few simple observations, if carefully borne 
in mind, will afford considerable help in assisting the observer to 
the proper interpretation of the forms and nature of the objects 
lie has to examine under the microscope. 

Microscopic Examination of the Starches.— AVe now 

proceed to the examination of some natural olijects, and for the 
first of these we choose potato-starch, as it is always readily 
obtainable. A drop of clean water is 'pilaced on a clean glass 
slip by means of a glass rod, and after cutting off a slice from 
a well-washed potato with a sharp knife, a trace of the substance 
which is scraped from the cut surface is mixed with the drop 
of water on the sliile. A clean cover-glass is then placed 
over the drop, whicli, if of the right size (and with a little 
practice the right quantity can generally be hit), there will be no 
exudation from the sides of the pre})aration. If there is, the 
superfluous fluid must be removed by absorbing it with a small 
piece of blotting-paper. The preparation is now placed under the 
niicroscope, and the diaphragm suitable to the objective under 
employment having been jmt into position, we proceed to focus. 
A number of colourless bodies, such as those represented in our 
illustrations of the starches (Fig. 7c, p. 67), will be seen, varying 
luuch in size, the larger ones being more or less oval, the smaller 
enes nearly round ; these arc the stjirch granules. In order 
to examine them more minutely, the glass slip is moved about 
J|otil a portion of the field is found on wdiich the grains do not 
^0 too closely together. The weaker objective is now removed 
replaced by the stronger, the diaphragm changed for a smaller, 
m ^‘^cussing performed as before. Tliis time, however, it 
be necessary to move the microscope much more slowly up- 
''^ards in order to catch sight of the object When in focus, the 
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larger starch grains are seen to be covered with a series of con- 
centric rings, whicli sliow that each starch grain is built up of a 
series of layers. The rings are arranged excentrically around a 
point situated at one end of the grain, called the “hilum,” whicli 
often exhibits a number of minute rifts. The smaller grains are 
rounder ; they do not show the stratilication nearly so distinctly, 
and are much more centric in construction, the hilum being in the 
centre of the grain and the rings more circular. Besides these, 
<‘ompoiind grains will be occasionally met with ; these consist of 
two or more starch grains, between which a dark dividing lino is 
generally discernible. 

It sometimes happens, in examining a preparation straight 
away with a higher power, that no trace of the object can be 
found, liecause in that portion of the held immediately under the 
objective no object or portion of one happens to be ])resent. In 
this case tlie bo«ly of the instrument must be lowered, and, wliile 
it is being drawn up to focus, tlie glass sli}) must be moved about 
on the stage. As soon as slnnlowy images are detecUnl, the glass 
slip is allowed to remain at rest, and the focussing with the line 
adjustment pr<*ceeded with. If there are only one or two very 
small objects in the preparation, it is better to find them with the 
lower power lirst, and then exchange the objective for the stronger. 
It is in such cases as the.se that the no.se-])iece is especially con- 


venient. 

Dirt on Objective. — Sometimes after focussing, or even moving 
the object al>out, espi'cially when using one of the higher jHjwer.s 
the ficdd of \ iew appears hazy, and the oliject blurred and indi.stinct. 
This arises from the ohj('otive having come into contae.t with thr 
fluid on the gla.ss slip. In such a case the tube must be elevated, 
and tlie adluuont Iluid r«*move<l from the surface of tlie front Icins 
with a piece of .soft linen rag or wa.sh-leather. 

Effect of Micro - Chemical Reagents on Starch.— Wc now 
l)rocee<l to oh.servi? the cflect of our two reagents on the starch 
gianule.'^. AVe jdace a dn^p <»f the dilute caustic potash .solution on 
the side of the cover-glass, with its border touching that of the film 
of fluid under the cover-gla.s.s. The potash solution will gradually 
penetrate under tlie eoviw-gla.ss ami come into contact with the 
starch grains. Looking down the tube, we soon detect the jtrogress 
of the drop, for as it touches the individual granules, these, after 
showing tlieir lamination much more clearly for a short tune, 
commence to swell out, the hilum of each enlarges and becomes 
mass of rifts, and, finally, eacdi granuh; attains a size ten or twelve 
times larger than it originally liad, the contents of the grann cj’ 
become piufectly transparent and their borders scarcely visible. 

The same appearance can he brought about by the agency 5 ^ 
heat, and when they are jiroduced in this way the starch 
to be gelatinised. In order to observe this phenomenon, a fres^^ 
preparation is made as before, and carefully heated over a snm 
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f^as- flame, moving the glass slip to and fro so as to ap[)ly the 
heat etjually, or the glass may crack. Even with the naked eye 
a change is seen to take place as the heating proceeds, iind when 
the object is examined nnd(‘r the microscope, the starch granules 
will be found to present the same swollen and modified appearance 
that they did when treated with potash solution. The pre[)aration 
is now to be put on one side for a time, as it will be wanted again. 
(Iclatinisation of potato-starch takes place at a temperature of 
about 70“ C. (160° F.), but the gelatinisation temperature of the 
different starches varies considerably. An appliance has been 
contrived by means of which a prej)aration of starch can be 
gradually heated up to a known temperature while under ob- 
servation on the stage of the microscope, and by its aid the 
temperature at whicli the various starches gelatinise has been 
ascertained with great exactitude. 

In order to note the behaviour of starch with iodine, a fresh 
preparation is made, focussed under the microscope, and a drop of 
the iodine-potassium-iodi<Ie solution placed on tlie l)order of the 
cover-glass. As this penetrates and (“omes into contact with the 
starch granules, we observe that each of these turns first a pale blue ; 
this colour then gradually decjiens until the grains appear blue- 
black. The progress of the iodine solution tlirough the prepara- 
tion can be followed by moving the gla.ss sli]) al.)Out. The jire- 
tiatation in which the starch has been gelatinised by heat can 
now be similarly treated ; as the iodine* reaches the almost invi- 
sible swollen starch granules, they turn a deep liliie colour, and 
although hardly discernible before, they now stand out prominently. 
The starch treated with the potash solution might have been 
similarly treated, and a similar result obtained ; but in this case a 
niuch larger (piantity of iodine solution would have been required 
to colour them, becau.se caustic potash combines with iodine, and 
it is only after the potash .solution has been saturated with iodine, 
and some of the free element is present in the solution, that the 
coloration can take place. 

The general appearance and behaviour with micro - chemical 


reagents may ho studied Avith the other standies commonly met 
with. A little wheat, rye-flour, or oatmeal may he placeil in a 
drop of Avater and each of these starches examined in turn. In 


order to obtain 'barley, malt, maize, or rice starches, a grain of these 
substances is cut in two Avith a sharp penknife, a little of the Avhite 
Ulterior scraped off and examined in Avater. Figures of these 
stardies Avill be found on pages 66 and 67. 

Farticularly interesting is the starch of green malt. "When 
‘IS is examined, it is found that many of the individual starcli 
^auis are corroded ; a numlier of canals Avill he found rnnning from 
a^t' ^ inside of the grains ; those are c:uiscd by the 

diastase. The same appearance may be brought about 
y mixing a small quantity of starch on a glass slip Avith a fcAv 
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drops of saliva, and keeping the whole at a temperature of 38° C. 
(100^ F.) for a little time. Saliva contains the enzyme ptyalin, 
which acts upon starch in a manner similar to that in which 
diastase does. This experiment may be rendered particularly in- 
.structive if the action be allowed to proceed for a consideral)le 
time ; all the granulosc of the starch grains is dissolved out, and 
skeletons of starch cellulose are left, which accurately preserve the 
size and shape of tlie original starch grains. 

Examination of Yeast. — iS'ext place a minute trace of yeast 
on a glass sli}), mix it intimately with a drop of water, and examine 
under a high power. The yeast cells a|)pear as round or slightly 
oval bodies, much smaller than starch grains. Treated with iodine, 
the contents of the cells are stained yellow, or brown when the 
cells are rich in glycogen ; no blue colour is observed, hence they 
<lo not contain onlinary starch. If a fresh preparation be treated 
with caustic potash solution, the cells do not swell U]) ; they 
gradually lose their granular appearance, l)ecomc clear and trans- 
parent, because the })otash solution dissolves the substance within 
the cells. Next make a fresh preparation, and while observing it 
under the higher [)Ower, press on the cover-glass with the point of 
a dissecting needle,^ ami notice that the cells arc elastic. Press 
still Jiar(h‘r until some of tin; cells are rui)turcd ; notice that tlio 
contents which exude are of a tough, elastic, jelly-like nature ; this 
semi-soliil substance, which fills each cell, is the protoplasm. Those 
cells from wliich the }>rotoj>lasm has exuded now look like little 
sacks, whi<di, on (Uiiptying, contract to a slight extent, thus showing 
that before being ruptured thciy were to a certain extent distended 
by internal {pressure. Now run in a little of the methylene blue 
solution.- Tin; contents of all those cells which are disorganised 
stiiin a deep blue ; the uninjured cells remain, as l)efore, colourless. 
This exp(?riment exhibits one of the ])eculiar properties of j)roto- 
plasrn ; when alive it refu.'^es to be stained by any of the dyes ; 
wIkui dr*ad it evinces a j)Owerful attraction for these substane(*s. 

Place a little yeast and water on a glass-slij) and heat it 
nearly to boiling temperature ; afterwards add a little of the stain 
and examine it; .all the yeast cells now take the dye — they arr 


<h*ad. This beh.aviour of living protopla.sm with reference to tiiK- 
torial substances affonls an excellent method of detecting the dead 
yaaist cells in a sam[)le of yeast ; it is only nece.s.sary to place a little 
of the yeast on a ghiss-slij), mix it with a dro[) of water, amt 
then run in a .‘^niall quantity of methylene blue solution, or almo.4 
any oth(;r dye, when the dead cfdls are readily detected hy tlu'ir 
colourcfl ap[)carance. Now make a fresh preparation of yeast, an‘ > 
by pressing on tlie cover-gla.ss with the finger-nail, rupture sonic 0 


^ These are made by pushing a inediutn-sized needle held with ® I’* 
pliers point foremost into a M<»ft wooden penholder, withdrawing the nett , 
anti then pushing it in head foremo.st for half an inch. .. 

Too much of the stain must not be used or it will kill the yeast ce s- 
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the cells ; then grind their contents between the cover-glass and 
glass slip. On examination, a number of exceedingly minute bodies, 
the microsomcs, will bo seen. These are in a state of lively move- 
ment, which conveys the impression that we are looking at living 
organisms. This, however, is not the case ; all very minute bodies 
when examined in a state of suspension in a liquid have this 
peculiar motion, first called attention to by Brown, and hence called 
after him the “ Brownian movement.” When examining very 
minute organisms, such as bacteria, it is often difficult to distin- 
guish the living organisms from the minute particles of dead matter; 
hut, if careful attention is paid to the nature of the movement, the 
two objects may generally be dilTercntiated. In tlie Brownian 
movement the motion is more localised, the objects rotating in 
sinuous lines about an imaginary centre ; with Ixicteria the move- 
ment is a more independent one, they rush about all over the 
field, and often out of it. 

The Hanging-Drop Method. — We will now proceed to examine 
yeast by another method, using one of the glass slips with a 
circular hollow ground in it. After being cleaned, paint, with a 
small camel-hair pencil, a ring of vaseline about the eighth of an 
inch wide round tlie border of the hollow. Place about 10 c.c. of 
wort in a test-tube, or, if wort is not at hand, of a 10 per cent, 
solution of cane-sugar; mix intimately with tins a piece of stiff 
yeast about the size of a pin’s head. Next place a minute drop of 
the mixture in the centre of a clean%cover-glass,^ turn the glass 
up.side down and breathe into the hollow of the glass slip so tis 
to slightly moisten its surface, and lay on it the cover-glass so that 
the drop occu[)ies the centre of the hollow ; press down gently. 
The vaseline ring makes an air-tight seal, the dro]) is now in a 
closed chamber, and could be kept for weeks or months without 
suffering loss from evaporation. Place under the microscope, and 
if the result is successful, not more than two or three, yeast cells 
will be seen in the drop. If more than three cells are i)resent in 
the drop, it is best to begin again, and ililute the mixture in the 
test-tube with more wort or sugar-water until a drop is obtained 
containing the right number. Make a rough drawing of the ap- 
pearance of the yeast cells, and keep the preparation under the 
microscope, observing it from time to time. Note how the yeast 
cells first throw out buds, how these increase in size, and finally 
become detached from the parent cell. The ju'cparation, after 
being examined throughout the day, can be placed on one side and 
examined occasionally during several subsequent days. In a few 
days the two or three cells will have multiplied to hundreds. It 
IS obvious that by using for the preparation a fluid entirely free 
rom other organisms, and taking care that there is only one yeast 
cell present in the drop, we arc able, in this way, to secure a pure 

for dr^w* goose-quill pens which are sold 
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culture of yeast from a single cell. This method also aflbrds an 
exceedingly convenient way of studying the growth of many minuta 
organisms. Growths of the various mould-fungi made in this 
manner are described in the chai)ter devoted to those organisms. 

Objects often met with in Polluted Water.— Winn 

water is polluted with refuse from human habitations, portions of 
articles of food, clotliing, c^c., are generally to Ixi found in it. Il 
is well, therefore, for the mieroscopist to make himself acipiainteil 
with the apjtearance of such objects as sec'ii under the microscope. 
Eor this puri)Ose, shreds of cotton, woollen, and silken clothing 
should be teased out with a jiair of needl(>s in a drop of water, 
examined under the microsc(){)c, and their general api)caran('e 
noted. These will almost invariably be coloured, since tlie majo- 
rity of materials made from these substances are dyed. Portions 
of l(‘an meat should be similarly treat(*d — here we note the appear- 
ance of muscular til)r(‘ ; also j)ortions of vcgetalile tissues, sueli as 
leav('s and stalks of cabbage, the husks of corn, Human liaii 

and the liair of animals is also freqmuitly found in water, portions 
of the feathers of birds, epithelium scales ; the last may always ln> 
seen in a drop of saliva. 

Microscopic Examination of Bacteria.— As these an 

the smallest organisms known, we n^quire for tluur examination 
the best and most [>owerful objectives and the most favouralilc 
conditions of illumination. Though their jucsence may be readily 
detecteil with a tenth of an inch dry objectivtg a homogeneous 
immersion olqective becomes a necessity if their complete investi- 
gation is to be undertaken. Water imimu’sions may lie employeil, 
but, as stated before, the twelfth of an inch oil immersion is tin- 
Ixjst lens for this class of work. 

Methods of Obtaining Bacteria for Examination. — As bac 

t<*ria, or their germs, arc* omnipresc*nt, sjcecimens of these organisms 
are vc;ry easily obtained f(.)r examination. It is only necessary to l)oil 
a potato, cut it into sliems, expose the freshly-cut surface's to the air 
for a fciw hemrs, and then place the slices in a moist chamlier, wliicli 
latter may be (jxteunporised with an ordinary basin and a. dinimr- 
plate, two or three shc'cts of blotting-jcaper (cut into a circular shape 
and moistened with water) feeing placed on the plate. The slices of 
|)otato are laid on the moist filter-paper, covered up, and allowed 
to stand .at the ordinary room temperature for several days, being 
examined at intervals. I)uring thcj time; they were exjiosed to the 
air, germs and bacteria in gr(;ater or less numbers will have fallen 
upon the slices; and since the conditions mentioned above; are favour- 
able for their growth and d(;velopmcnt, the organisms and gernis 
will in a few days have germinated, multiplied, and formed piatclics 
which are technically called ‘‘colonies,” and which ajipcar 
small, whitish, and occ^asionally coloured gelatinous masses. A 
small portion of any one of these colonies may ])e removed b.'^ 
means of a platinum wire, mixed intimately with a drop of water 
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on a glass slip, covered witli a thin cover-glass, and examined 
under the microscope in the usual manner. Bacteria may also 
be obtained in abundance by making an infusion of lean meat and 
allowing it to stand in a warm jdace for from twenty-foui- to 
forty-eight hours, when it will be found to be literally sw’arming 
with bacteria. A'egetable infusions made from hay, turnips, peas, 
&c., when similarly treated, yield bacterial organisms in immense 
numbers. If a small quantity of malt or barley l)e covered with 
distilled water and allowed to stand for a week, the li([uid wdll be 
found to swarm with bacteria and yeasts. It is only nece.ssarv to 
take a small drop of such an infusion, plac(‘ it on a glass slip, jmt 
on a cover-glass, and examine it under the microscope, wdien large 
numbers of these organisms w’ill b(‘ .seen of various sizes and 
shapes, some (piiescent, some in a lively state of motion. 

It is interesting to examim; a culture w'hicli contains only one 
single .species of bacteria. The Bw'illus or hay-bacillus, 

owing to the resistance of its spores to boiling water, readily permits 
this to 1)0 effected. In order to oldain a pure culture of this 
organism, dry liay is .soaked in the smallest j)ossible rpiantitv of 
water and alio weal to .stand at a temperatur* of about 36" C, 
(97" F.) for a few hoiiis, the infusion .so obtained is poured off 
without filtering, and diluted w’ith wider until it h;is a specific 
gravity of 1004. Tin* infusion is ])lace<l in a flask, and after a 
plug of cotton-wool hits beam inserted in the neck of the flask, 
gently boiled f«»r iin hour, cooled, and kept at 36 (97' F.) until 

a film of bacteriii ap[)eiirs on its surhice. This wdll generally be 
the case in twenty-four or thirty-six hours. 

Wo take a minute pici'e of this pellicle off by means of a wire, 
and place it on a glass slip, tog(*ther witli a minute drop of the 
fluid; place on a cover-glass, and examine with the i-io inch dry 
objective. The pellicle is .seen to be formed of long wavy threads 
lying parallel to one another, e<ich of whicli is divided into a 
number of segments, each .segment being a .se])arate individual, 
riie segmentation can be rendered moie di.stinct by running a 
little iodine .solution under the cover-glass, which stains the organ- 
i-mis a browuiish-yellow colour. The. threads are held together in 
an immovable jiosition by a ma.s.s of invisible jelly, produced by 
e swelling of the slimy coats of the organisms. Bacteria, in 
11s state, are said to be in the “zoogleal'’ condition. 

Being certain that we liave the object in the held, w*e proceed 
0 its examination with the immersion ohjeetive. If the condenser 
^8 not already in position, it mu.st be so placed, u.«ing one of the 
nia est diaphragms and the plane mirror. The objective having 
’Gen screwed in its place, a small drop of the cedar- ivood oil,' 

and ^ 1 '*^** ti.iken that the fluid which oozes from between the slip- 
PXamini mixed np with tlie cedar- wood oil, or, when 

object mounted in Canada balsam, that tlie oil does not get 
‘'^’“taminated with the balsam. 
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which was supplied with the lens, is placed in the middle of the 
cover-glass, the microscope pushed or racked down until the nose 
of the objective dips into the oil-drop and nearly touches the 
cover-glass. Focussing is proceeded with as usual, taking care to 
move the microscope body very slowly upwards. It is here that 
the benefit of a rack-and-pinion movement is experienced. Tlie 
condenser must now be focussed. If we are using dayliglit, 
we move tlie mirror about until a shadowy glimpse is caught of 
one of the window bars, then the condenser is moved slowly uj) 
and down until the bar is .seen distinctly in focus. The mirror is 
then moved until the held is equally illuminated. When working 
by lamplight, the lamp is adjusted so that the edge of the llame is 
turne<l towards the microscope, and the condenser focussed until 
the image of the flame appears clearly defined. The best condi- 
tions of illumination are when a perfectly flat superficies of achro- 
mati(j light is in the focus of the objective at the same time that 
the object itself is in focus, and tin* diameter of the section of the 
cone of light which enters the objective is about three-fourths the 
diameter of the front lens of the objective. To obtain the very 
best j)ossible conditions of observation, the condenser requires aa 
much care in its construction and use as the objective itself. 

now proceed to examine the hay bacilli again, first using the 
lower-j)ow(!r eye-piece and then |)roceeding to the highew-power 
one. It must lie remembered that an oil immersion will bear a 
much higher jiower, or, as it is often called, a much deejier eye- 
piece, than a dry objective will. The bodies of the individual 
bacilli are seen to lie com[)OS(Ml of a colourless, homogeneous, some- 
what highly refractive substance, in which, even witli the higlicst 
powers at our cuinmand, no trace of structure or of a nucleus can 


be <letected. 

We then make a lianging-droj> preparation, taking for this a 
niinut<; portion of the pellichi and a very small drop of the fluiti. 
liy carefully noting the appearance of .such a pre}iaration (which is 
best efbjcted by drawing it with the camera), and by keeping the 
preparatiem for some time umler ob.servati(m, we are able to observe 
the [jrocess by wliich the bacilli grow. We .see that each segment 
gradually increa.ses to a certain length, while preserving the. .same 
thickness ; then a partition-wall gradually forms which divides the 
organism into two. It is owing to this growing in length that the 
bacilli come to be arranged in lines. After the la[).se of six or 
eight hours the nutriment in the drop becomes exliausted ; the. 
bacilli then cease to grow, and begin to form .spore.s. When this 
commences, bright spot.s make tlicir appearance in many of the 
Ixicilli, whi(di gradually increa.se in size, until at last each presen s 
the appearance of an ellip.soidal, bright, strongly refractive body 
with sharp outlines ; these are the “ spores.” As the process is luo- 
leding the remaining contents of the organism gradually disappear, 
■' * ' set free. 


the cell-wall finally disintegrates, and the spores are 
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These, wl)cn introduced into a fresh nutritive medium, soon com- 
mence to germinate, especially if they have been boiled for a few 
minutes ; they then commence to germinate in two or three hours. 
The envelope of the spore ruptures on one side ; from this protrudes 
a bud, which gradually enlarges in length to form a bacillus, which 
divides l)y segmentation for the first time in about twelve hours. 
The organisms do not immediately enter into the zoogleal state, 
but pass through what is termed the “ swarming stage.” In this, 
pairs or chains of individuals are seen moving a1x)ut in a very 
lively manner. They are propelled by delicate hairdike appen- 
dages at each end, technically called “flagella,” which can be readily 
seen when the organism has been stained in a particular manner. 
The swarming bacteria, after living in the body of the fluid for 
some time, ascend to its surface and enter into the zoogleal condi- 
tion. This bacillus has recently been studied by Adrian Drown 
in relation to wort and beer, who finds that it exerts no prejudicial 
influence on cither. Its chief interest resides in the extreme 
resistance of its spores to heat. 

Dacteria in the swarming stage may be very conveniently 
examined by the hanging-drop method ; in this form of prepara- 
tion the organisms are under conditions closely resembling those 
in which they naturally e.xist. At the sides of the drop they will 
be in a more or less quiescent state, and permit their size and 
shape to be readily ol)served ; whilst in the middle of the drop 
they have more room for their evolutions, and are uninfluenced by 
the capillarity conditions which exist at its border. By examining 
the organisms in the upper layer of tlie middle of tlie drop, which 
are sufliciently near the surface to be within the range of focus of 
the object-glass, we are able to form some opinion of tlieir behaviour 
under conditions clo.sely approximating to those in which they natu- 
rally exist. 

The Stained Cover-Glass Preparation. — Bacteria are much 
more easily seen when stained, and in this condition, being dead, 
we are no longer inconvenienced by their lively movements. 
In making such a preparation, a small drop of the fluid contain- 
ing the V)acteria is placed on a thin cover-glass by means of 
a sterilised platinum wire, and spread out as much as possible 
with the wire into a thin layer. ^ It is now left until the fluid 
has evaporated and the surface appears dry. The bacteria are 
now to be “fixed,” or they would be wa.slied away during the 
‘Subsequent staining and rinsing. This is elTected by exposing the 
cover-glass and its adherent bacteria to a temperature of 120° to 
^30 G. (248” to 266“ F.) for five minutes in a hot-air oven. In 


In order to make a successful preparation in this way, it is necessary that 
cov absolutely clean, or the drop wall not spread evenly. The 

tur^^ f after having been washed with water, should be he-ated in a mix- 

in sulphuric acid ami potassium bichromate, afterwards well rinsed 

istilled water, and then kept in alcohol until required for use. 
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this way the mucilaginous coats of the huctcria become adherent 
to the cover-glass. The process of fixing may be readily executed 
in the following manner : — The cover-glass is taken up with a pair 
of tweezers, the surface to which the bacteria are attached being 
kept upwards ; the cover-glass is then passed three times through 
the flame of a liunsen-burner or that of a spirit-lamp. The heat- 
ing must be carefully performed ; if insullicient, the bacteria will 
be afterwards washed away; if overdone, the bacteria refuse to 
take the stain well. The ha})py medium is obtained l)y moving 
the hand vertically in a circle a foot in diameter ; the time taken 
to comi-dete the circle should be. one second. Wlnni traversing 
the lower pension of the circle the pre})aration is momentarily 
introduced into the flame, but care must be taken that no halt 
takes place here, or the preparation will lu* overheated. The 
movement in descril)ing the tlina; circles must bo a constant and 
uninterru[)ted on(‘, so that tlie pia*])aratii)n is (*x[)os(>d momentarily 
thrice to the heating inllmmce of the flame. When the cover-glass 
has become (‘old, its uppm* surf:\ce is covcomI with a large drop of 
staining solution (.s(‘(‘ Ixdow), which is allow(Ml to laMuain thcrc^ for 
several minutes. In cas** the l»acteria do not take the stain freely, 
the preparation may b(‘ held over a small flame until the dro[) of 
staining fluid steams. The cover-glass is now gently rins(‘d with 
clean water to remoV(‘ tln^ staining fluid (which is best (dlV‘ct(‘d hy 
a gentle stream of water blown from a pipette), then pla(“iMl with 
the side on which tin*, bacteria are fixed downwards on a glass 
slip, its upper surface dried with blotting-paper and exiunined 
under the micro.sco|)e. Wlnm viewing staiiu'd pr(‘|)arations, tlu' 
diaphragm <tf the condenser is op<*ned to it.s full (*.\tent, so as to 
admit as much light as [)ossihle. 

Conversion into a Permanent Preparation. — Tin* preparation 
ohtaiued in tln^ foregoing manm?r (‘an he easily eon verted into a 
permanent one. For this purpose the. cover glass is removed from 
the slip and .allowed to dry. A drop of a mixture of etjual parts 
of Canada balsam and xyhd is placeil in the middle of .a clean glass- 
slip, the cover-glass taken np with a ]).air of tweezers (care h(‘ing 
taken that the side to which tln^ bacbTia an; attached is down- 
wards) and slowly and gently droppjal down on tin; dro]) of l)alsani, 
in sneli a manner that iio Imbbles of air .are imduded. A little 
gentle pr(;.s8ure .appli(;d to tin; cover-glass will e.aus(; the b.alsam to 
spread out to tin; margin of the eover-glass, and, if the proper 
quantity of balsam has been taken, it will just suflieicnt to d" 
this and no more. If, howev(;r, as often happens, rather t(»o inn' ll 
]>alsam lias been used, the (‘xcte.ss must h(‘ e.arefully removed h.V 
means of a piece, of linen rag moistened with henzol or xylol 
when the cover-gliss is .afterwards covered with cedar-oil in ordci 
that it may Iwj viewed with the immersion lens, tlic Can.ada balsam 
will dis.solve in the. oil and alter its refraidive index, and it "ill als'> 
soil the lens. In a few days the balsam dries and secures the cover- 
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glass ; after a few weeks the balsam becomes thoroughly hardened, 
and in this way a permanent preparation is secured. All prepara- 
tions coloured with aniline colours should l)e carefully kept excluded 
from the light, otherwise they are apt to fade. 

In order to investigate the different species of bacteria, it is 
necessary to have recourse to certain methods which have for their 
object the isolation of tlie different species ; this forms the subject 
of the following section. 


li ACTERIOLOG ICAL METHODS. 

In order to identify and investigate the nature and properties of 
the various bacterial organisms, it is necessary to first isolate them. 
This having been done, it then becomes possible to study the be- 
haviour of each .species under certain specified methods of treat- 
ment, by means of which their identification is effected. The effects 
ju'oduced on various media by different species can also be studied ; 
for instance, we may endeavour to ascertain if a particular organism 
turns wort or beer sour, if it renders either fluid turbid or ropy, or 
if it ])roduces a ju'onounced flavour in one or both of these liquids. 

()f the various methods for effecting the isolation of the in- 
dividual bacteria which have been |)roposed from time to time, 
that invented by Dr. Koch is the one almost universally employed. 
The principle of his })rocess is to widely separate the individual 
bacteria from one another in a solid nutrient medium. This is 
spread out in a thin layer on a })late of glass, and then placed under 
conditions that are favourable to the growth and development of 
bacterial organisms. In this way each individual bacterium in- 
creases and multiplies, in other words, it forms a colony, the 
members of which are retained in })0.sition, and not permitted 
to wander about, by the .solid nature of the culture medium. In 
the course of a few days the colonies l>ecomo sufficiently large 
to be detected by the naked eye ; they can then be examined in 
various ways. 

Sterilisation. — In carrying on bacteriological work, it is not 
only necessary that all the utensils and apparatus employed should 
be in a state of absolute cleanline.ss, but that they should be also 
absolutely sterile, that is, completely freed from living organisms 
in any shape. The media imule use of in such work must also be 
rendered absolutely sterile. Ko pains should be spared to secure 
the.se conditions, otherwise the results of any investigation in 
which they are not rigidly adliered to will be valueless. 

Several methods are in use for securing absolute sterility of the 
apparatus. Many chemical substances are known, such as corrosive 
sublimate, salicylic acid, sulphurous acid, Ac., Avhich act as power- 
fnl bactericides, and these are occasionally used for the object in 
View ; but the agency chiefly relied upon is heat, applied in one 
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form or another. Heat applied in the form of steam saturated 
with aqueous vapour is a much more powerful steriliser than what 
is technically known as “dry heat,’’ such as that obtained by eni- 
ployin^r dry air or superheated steam. No organisms or their germs 
are able to withstand a prolonged exposure to dry air heated to 
150° C. (300'' E.), and but one germ, the spore of the Bacillus 
suhtilis, is known which can survive prolonged boiling in Avater 
or lengthened exposure to the heat of steam saturated with 
moisture having a similar temperature. Liquid culture media, 
such as wort, grape-juice, <fec., are generally boiled in order to eliect 
their sterilisation. 

Sterilising by the Direct Heat of a Flame. — This is a very 
convenient Avay of sterilising small article.s, such as platinum 

wires, microscopic slips and cover- 
ghi.s.se.s, tweezers, I'cc. The articles 
are sim{)ly i)assed through a 
Ihinsen Hame or that of a spirit- 
lamp; in this way any organisms 
or germs pn^sent on such artich's 
are ab.solutely consumed. In case 
of emergtmcy, (piit(‘ hirge articles, 
su(;h as cultivation-}»late.^, Petri- 
dish(‘.s, may be similarly 

tiaaiUal, V)ut great care must lx; 
taken with gla.ss articles, more 
es|)(‘cially with the larger ojk-s, 
as they (sasily fly to pieces. 

The Hot-Air Oven. — Much 
u.se is made of this form <>f 
a|)paratus for the sterilisation 
of such articles as glass ])lates, 
test-tubes, Petri-dishe.s, cotton- 
wool, i'cc., which are able to with- 
stand the com])aratively high 
Kio. u.- Hot-Air Oven. tcinpcraturc required Avithout 

injury. 

An apj)aratus of this kind gem;rally consists of a rectangular 
box of sheet metal with doul>le Avails, and liaving a door in front 
such as is seen in Fig. 12. In its roof are tAvo apertures — the om^ 
intended for the insertion of a thermometer ; the other for that 
of an arrangement called a “ thermo.stat,” for keeping tlm <*ven at 
a certain definite temperature. The oven is heated l)y a ihiiiscn 
or other form of gas-lairner, tin; gas supply to Avhich passes through 
and is regulated l)y the tlnn’inostat. Shelves are provided for 
supporting the various artich*s, and trays of wire-gauze for holding 
such small articles as test-tubes, t^c. When a number of gla"‘‘^ 
plates, intended for jdate-cultivations, are to bo sterilised, they 
are usually placed in a sheet-metal box (Fig. 17, p. 212) provided 
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with a lid, which, after being filled with plates, is placed in the 
sterilising oven, the lid of the box serving to protect the plates 
from subsequent contamination. After the oven has been filled 
with the articles to be sterilised, the gas is turned on, then the 
thermostat and the sliding door in the roof of the oven manipulated 
until a constant temperature of 150“' (J. (300° F.) is indicated by 
the thermometer. It is maintained at this degree for two or three 
hours, then the gas is turned off, the oven allowed to cool down 
to the room temperature, and the articles it contains removed. If 
the oven door is opened whilst the temperature inside is still hi'di, 
there is great danger of the glass article's cracking. 

The Thermostat, -^rhere are seva?ral forms of this apparatus j 
one of these is shown in the accompanying illustration, Fig. 13. It 
consists of a glass tube divided into two chambers, a and l)y a 
partition, which is perforated l)y a central ai»erture, to which is 
fused a thin glass tulje reaching nearly to the 
bottom of chamber h. In the upper ebamber a 
side tube, c, is inserted ; a perforated cork clo.ses ^ ■ 

the upper part of the apt)aratus, and tbrougb this 
])asses the bent tube, (/, which can be raised or J \ 

lowered within the chamber a as circumstances q || 
demand. A small quantity of mercury is intro- || 

diiced into the chaml)er The apparatus is ^ || 

inserted into the oven through the ai>erture .^pe- M 

cially provided for that puiqM»se ; one extremity 
of an indiarubber tube is attaclnnl to the tul)e c, ]H » 

the other to the burner underneath the apparatus. |j ^ 

Another indiarubber tube coming from the gas jj 

supply is attached to the tube </. The action of 
the apparatus is as follows : — When the air in ^ 

the oven becomes heated, a j)ortion of its heat Therm^tat. 
is communicated to the air in the chamber 6, 
causing it to expand. In doing so the mercury is driven up into 
the tube a, and as the temperature ri.ses, so does the column of 
mercury in a. AVhen this has risen to a certain height it covers the 
end of the tube f/, and gradually cuts olF the principal supi)ly of gas, 
so t lat at last no gas can pass to the llaiue exce]>t through a minute 
opening in the tube d. As a comsequence, the flame is nearly extin- 
guished. The temperature in the oven then begins to lessen, the 
air in the bulb to contract, the mercurial column lowers, and the 
bottom of d is once more opened, and gas admitted 
li«ih ?! ter a time a sort of equilibrium becomes estab- 

ren amount of gas necessary to keep up the heat 

just sufficient gas passes through the regulator 
thflf oven at the required temperature. It is obvious 

quantity of mercury in the bulb, and regu- 
cArfo? position of the tube cf, any required temperature within 
'certain limits can be steadily maintained 
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Steam-Steriliser. — Cultivation media, especially those contain- 
ing gelatin, are generally sterilised by the agency of moist steam. 
The apparatus \ised for this purpose consists of a tall cylindrical 
vessel constructed of sheet metal clothed with felt, which can be 
closed with a lid pierced by several apertures, one of which is in- 
tended for the insertion of a thermometer, the others for the escape 
of steam, Fig. 14. A removable vessel (Fig. 15) serves to hold the 
different articles which are to be sterilised. A water-gauge iiuli- 
<‘ates the level of the water in the apparatus. When about to ho. 
used, water is placed in the bottom of the vessel to a depth of 



Fro. 14.— Koeh’rt .Steam-.Hterillser. Kio. 15.— Basket for Steain-StcHUscr. 


three or four inclie.s, tlie basket with the various articles insr*rt(Hl, 
the cover pl;u’e<l on, and a Run.sen-burner or other source of heat 
placed uiKhu-neath. 'I'he water is kept boiling for two or three 
Iiours at such a rate that there is a free*, issue of .steam through 
the orilices in the lid ; the apjiaratus is then allowe«l to cool, 
and the basket renir)ved. The water-gauge must be cxaiiiinod 
from time to tiiiu;, to see that all the water does not boil away J 
.should it g(d low, the V(!.s.sel is replenished with fresh boiling 
water. 

The Autoclave. — In this apparatu.s the sterili-sation is effected 
through the agency of steam under j)re8suro, in which condition it 
po8.sesse3 a higher tem[>eraturo than steam existing at the ordinary 
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atmospheric pressure. Steam when used in this way exercises a 
much more powerful bactericidal action than wlien its temperature 
is only that of boiling water; for instance, doing found that 
certain bacteria, which survived a three hours’ exposure to steam 
at the temperature of loo" C. (212“ F.), readily succumbed 
to steam at a temperature of from 110° to 120' C. (230“ to 
248" F.) in an autoclave. Tliis apparatus, which is illustrated 
in Fig. 16, resembles the ordinary steam-steriliser in shape, but 
since its walls have to l)ear con.sidcrabl(^ internal pressure, 
they are made correspondingly strong. The lid is made to screw 
down steam-tight, and is j>rovided witli a safety-valve and a 
pressure gauge. A removable sludf-liolder sm-ves to carry the 
articles to be sterilised. When used, water is placed in the 
bottom of the ves.sel to a <lepth of a few inches, the shelf-holder 
with its articles introduced, tlie 


lid screwed down, and heat ai)- _ 

plied from below ])y means of 
a ^ large Bunsen-burner. Since 

soon found when^^ 

or two hours, when the source of 
Gfrt Ls removed, the sterilisei Kio.. i6.-AutcK)iave. 

<dlowed to cool, and the sliclf- 

safety-valve is generally loaded to a slightly 
rwiiiireil iu tlio iiik‘ii(.r nf the cliamber, 
Tin's f *'**®''® neither escape nf steam nor loss of water. 
wnrV . ”Pl>;n-atua is useful, in so far as the hactcrioloL'ical 

have browiiin is concernoa, when .samples of beer 

steam ‘I''''" samples are treated in the ordinary 

operation ' ®'col»ol hikes place, lly conducting the. 

streneUi autoclave, and using beer of the .same alcoholic 

prevent freed from carbon dioxide in order to 

samnles n, ”1!'^’ water for charging the apparatus, such 

Pi.I,r ^ i? sterilised without loss of aleoliol. 

paration of the Solid-Culture Medium.— This is pre- 


Kio.. 16.— Autoclave. 
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pared as follows : — One pound of fresh lean beef, finely divided 
by cdiopping or running tlirough u iniiieiiig-inachine, is added to a 
litre of eold distilled water, and well stirred in. The mixture is 
allowed to stand for twenty-four hours in a cool place, an occa- 
sional stir being given, after which it is poured into a clean linen 
cloth placed over ;i large glass funneb and the meat-juice straiiUHl 
off, the pulpy mass iu the cloth being stjueezed until a litre of 
meat-juice is obtaimal. The following substances are tlien added 
to it — loo grammes of gelatin, lo grammes of peptone in powder, 
and 5 grammes of sodium chloride. Tin; mixture, after bihiig 
allowed to stand until the gelatin has swollen, is then gently 
warmed until this sulxstance lias di.ssolved. ^leat-juice is always 
slightly acid, because it contains a small quantity of lactic acid ; 
and since bacteria flourish best in a neutral or slightly alkalini* 
medium, the meat-juice is carefully neutraliseil with sodium cai- 
bonate solution until it is just neutral or faintly' alkaline te 
litmus-paper. This neutralisation of the medium has a most 
important intluence on the number (d' bacteria which afterwards 
develop in it. Keinsch, when experimenting with riv(‘r-water, 
found that l>y employing un-mmtraliscd gelatin meat-broth 
only 475 ^fd<>ides per 0.5 c.c. of the water were formed; when 
0.Q1008 gramme sodium carbonate had been added to to c.c. of 
the .same medium, 2976 were formed; whilst tlie addition of 0.3024 
gramme entirely supjiri'ssed the devclopimmt of the colonies. He 
recommends, when experiments of a delicate nature an; to he 
carried out, that just suincient .<<olution of caustic soda should he 
added to the medium (to which a little ])henol])hthalein solution 
has been added) to turn it j)ink. The lUM^essary (piantity of alkali 
is found by titrating an aliquot ))art of the meilium wdth dilute 
caustic soda .solution, throwing this awavy and then aelding the 
<*ahnilate<l (piantity of .soda .solution rerpiisilc; to bring the bulk of 
the medium to the same statcj of neutrality as tlie ali(iuot part. 
The whole, mixturii is tlnui placed in a large, lla.sk, the whites ef 
two or three egg.s are w(dl b(‘at<!n up, addml, thoroughly mixed 
in by shaking, the lla.sk and its contents ])laced in the sterilising 
ajjparatus, and exposed to a temjferatun^ of 100° (’. (212 ' F.) f^r 
an hour. The object of tin? adflition of the white of egg i-^ h* 
promote (darilication. 

The hot gelatin meat-broth is then filtered through tha' 
filtering ])aper, when it .should run olf as a perfectly bright (luid. 
As it rapidly .solidifi (38 on cooling, the filtration must be either c"ii 
ducted in a hot chamber, or the funnel whiidi contains the lilhU' 
paper surrounded by a hot- water ja<!ket, or the operation may be jx i' 
formed insidtj the steam- sterili.s(U’. As it passes through the lih' * 


the gelatin meat-broth is cauglit in quantities of about 10 c.c., eitnc 
in small flasks or in k'st-tubes, care being take.n that it docs not 
the neck of the fia.sk or the iqiper portion of the test-tube. 
of cotton-wool are inserted inU,) the mouths of the flasks or the 
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tubes, to prevent the access of germs from the atniosj there. The 
tubes or llasks are then placed in the steriliser, tin; water in it 
brought to the boil, and maintained at that temperature for a 
quarter of an hour, this treatment being repeated every day for 
three days in succession, the olqect of this ])rocedure being to secure 
etfcctual sterilisaiion. It has l)een sliown that the si)ores of bacteria 
are much more resistant to the sterilising effect of heat than the 
bacteria themselves, therefore a period is allowed between the 
consecutive heatings to afford any spores which may be present 
an opportunity of develo{)ing into tlui less resistant stage of 
bacteria. 

This method, which is called “intermittent” sterilisation, is of 
great use in the technical application of the process to such pur- 
poses as the presijrvation of meat in hermetically closed tins, for in 
this way the over-cooking of tiie meat, which took })lace under the 
older methods of sterilisjition, is to a great extent avoided. 

The gelatin meat-broth tubes are then ke[)t for a few days 
to see if tlui sterilisation has been complete. If such has been 
the case, the jelly will remain perfectly bright and clear; should 
signs of turbidity appear in any of the lubes, these must be 
rejected, for they are evid(Mitly still contaminated with living 


organisms. 

Preparation of the Cultivation-Plate.—Thc actual culti- 
vation of the bacteria is }>erformed on glass plates, hence the name 
“plate-culture.” For this purpose pdates of ordinary glass are 
used, of such a size as can bo conveniently examineil under the 


microscope, their breadth lieing determined by the distance between 
the centre of the objective and the jiillar which supports the 
body of the instrument, and they may be alxuit twice as long as 
they are wide. Three inches by live is a size frequently use 1 ; 
the ordinary quarter-plates used in photography are also of a handy 
size for this purpose. 

The plates are first thoroughly cleaned, and then sterilised by 
exposing them for an hour to a heat of 150° C. in the hot-air 
oven (Kig. 12, p. 206). During this process the glass plates are 
enclosed in the covered box of sheet metal (Fig. 17). 

In s])reading tlie gelatin meat-broth on the glass plates a level- 
hng apparatus, such as that shown in F'ig. 18, is generally used. 
Ibis consists of a wooden tripod stand, the feet of which are formed 
of three screws by means of which the apparatus can bo accurately 
ovclled. The sliallow glass tray, sliowii on tlic top of the glass 
l^ato in the figure, is Idled with ice and water and placed on 
tripod stand ; this is covered with the glass plate on which 
16 culture- plate is to rest ; and on this the bell-glass, for cover- 
protecting it from stray germs. 

anl ' apparatus is to bo used, tlie tray is filled with water 

lev covered with the largo plate of ghiss, and carefully 
^ 6d by adjusting the screws until the small spirit-level in- 
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ilicatos that the a|)paratus is level. These arraii^a^iiieiits havin^r 
heen made, a sterilised glass plate is removed from the box and 
carefidly placed on the glass plate, and, in handling it, more contact 
with the lingers than is absolutely necessary should be avoided. 
It is then covered with the bell-glass. 

Several of tin; gelatin meat-broth tubes or flasks are heated in 
tlie water-bath until their contents have become fluid, care being 
taken that the heat does not rise beyond 35“ C. (95” E.), or some of 
the bacteria might be injured ; the plug is carefully removed, and 
held between tin* fingers of the right hand in such a manner that 
that ])()rti«)n <>f it wliich enters the test-tube is not soiled hy the 
fingers. If, for instance, we wish to investigate the organisms which 
have developed in meat infusion, we take out a minute drop of 
this by means of a platinum loop,^ ami stir it into the gelatin meat- 
broth contained in one of the tubes (the medium should measure 



FlO. 17. -Plate- Box. 


Kid. 18. —Levelling Apparatus. 



approximately 10 c.e.), i insert the plug, and, by a rolling and twist- 
ing motion applied the tube, mix the infusion intimately with 
the me<linm. Tin; ])lug is om*e more removed, the upper porti(»n 
of the neck of tlie tube pa.s.seil .several times through tlie tlame oi 
.‘I liiinsen-biirner or that of a’sj>irit-lamp, so that any adlnuciit 
<^rganisms may be. destroyed. When tin; n(;ck of the tuho 
sufliciently (tool its contents an; poured out, at one sweep, on to the 
middle of a cultivation-plate, vvhi<di is |)laced in position on the ■ 
ling apparatus, ami spread out into a thin layer with the assistant 
of the neck of tin; test-tulw;. The film must not he allows “ 
approacli the edges of the plate within a distance of half an i"*-* 
as this ])ortif)n may have b(;en contaminated by the 
during the |)n;vious manipulation. The gla.ss cover is 
over the cultivation-j)late, and the whole allowed to rcnjai ^ 
until the gelatin film has become 8oli<l ; this, under the (oon^r 

• Made out of a piece of piaiintiin wire ai)out one-fortieth of an 
thickne«M, one end of which Ih fnne*! into a gluM tube, the other ena 
into a loop aVwut one-sixteenth of an Inch in diameter. 
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influence of the icc-cokl water, takes place in one or two minutes. 
When solidification has taken place, the cultivation-plate is removed 
to the moist cliamber. 

The Moist Chamber.- -This, which usually consists of two 
glass dishes, is rejiresented in tlie following illustration (Fig. 19). 
The lower disli has, as a rule, a diameter of about 8 inches and 
a depth of 4 inches. The other dish is slightly wider, and is 
used for the cover. The dishes are first thoroughly ch*aned hv 
washing, then smeared insitle with glycerin, which will retain any 
bacteria wliich may fall upon them. A layer of filter- paper, 
moistened with thirty or forty drops of a .saturated solution of 
mercuric chloride (corrosive sul>limate, a powerful liactcricide, and 
also a most poisonous substance), is j>laced in the bottom of the 
narrower dish. The water containe<l in this solution serves to 
keep the air in the ap})aratus .saturated with moisturt*. A little 
stand, which will hold .seve-ral cultivation-plates, is often emploved 
in the apparatus, so that .several cultiviitions may he simultaneously 
carried on in it (Fig. 20). It is constructed of glass t)lates, to the 
extremities of the longer sides of whi<‘h strips of plate-glass about 



three-eighths of an inch in thickness and half-an-inch in bieadth, 
and of the same length as tlie width of the cultivation-plate, are 
affixed either with sealing-wa.x or mineral glue. When a number 
of the.se are superimposed they form, as it weiH‘, the shelves of a 
siiiall open cupboard, on whi(;]i the cidtivation-i>lates can be placed. 
^ Mip of paper, bearing a reference number or letter, is placed 
um er each cultivation-plate, so tliat the plate can be afterwards 
1' entiHed. llm moist ehamher oontaining the eultivation-nlates 
IS tlnm placed in the incul)ator. 

The Incubator. — This consists of a vos.sel of sheet metal 

niade of copper, liaving double walls, and 
filial ^ f*’^^*it ; tlie space between the walls is 

tiire^l"^^ ^ 'vater. I ho ajiparatus is kept at the requiiaal tempera- 
siinnl ^ one or more gas-tlaine.s jdaced underneath it, the 

cultiv^r to which is governed by a thermostat. In plate- 
experiments this is .so adjusted that there is steadily 
as incubator a temperature of 20° C. (08 ’ F.j, 

^Pparat^s^^ thermometer, the bulb of which is insiiie the 
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The moist chamher and its contents are introduced into tlie 
incubator, the door closed, and the whole left for three or four 

days, the culture-plates being 
occasionally examined. At tlie 
end of two or three days 
the individual colonies will 
have become visible to the 
naked eye, and can be further 
examined by the aid of a hand 
magnifying-grlass. They will 
diller considerably in ap])ear- 
ance, since the meat infusion 
would be sure to contain 
numerous forms of l)aeteria. 
Some of the colonies will 
appear as white slimy-look- 
in;4 spots resting on the sur- 
face of the gelatin, othi'rs will 
have s})read more consiiler- 
ably amongst the surroiindiiig 
gelatin, some may hava^ an 
iridese(*nt appearance, others 
may be ludlliantly coloured. 
Many of the colonies will ho 
found to have left the g(datiii 
film intact, others to have 
li(|uehed it, an«l various do- 
grees of liquefaction may be 
observed amongst the diirerent 
colonies. 

Observation of the Colonies under the Microscope. 

— For this purp().se tlie cultivation-plat(‘ is placed on the stage of 
tin; micro.'ampe, and vi(^w(Ml iimler a power of about loo diameters. 
Some of the colonies will have devedoped inside the gelatin him. 
and tliese will ai)pear as <lark round bodie.s. Others will have 
vegetated on the surface of the film, or have reafdied its surfaee 
ill growing. Remarkable ditrerenees in thi^ form, ami esj)eei:dly m 
the borders, of tin/ colonies will be observed. Soim; may be sur- 
rounded by a Wfdl-dfdined line, soin(‘ by a notched and indented one. 
some arc bordered liy projections having the ajipearance «)f locks of 
hair, sonuj throw out hair-like .shoots, while in others the marguis 
are, as it were, be.set with fine jniekles. The.'^e difrerence.s m 
appearance show tliat the bacteria belong to different species. ^ 

Observation of the Individual Bacteria forming 

the Colonics. — The bacteria may lie further examined b} 
removing a portion of the. colony with a straight platinum ^ 
attached to a glass handle, which, just before being used, is 
through the flame of a ihin.scn-burner, in order to destroy 
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adherent bacteria. The “fishing,” as this process is called, is 
performed with the culture-plate under the microscope, the par- 
ticular colony being kept in view under a low magnifying power. 
The bacteria adhering to the platinum wire arc now to be mixed 
with a small drop of water on a cover-glass ; this is then placed 
on a glass slip and the bacteria examined either in the ordinary 
manner, or by the hanging-drop method (p. 199); afterwards it can 
be made into a permanent jireparation (p. 203). 

“ Impression Preparations/’— These are easily made, and 
serve for keeping a permanent record of the forms of colonies. 
In order to obtain an “impression preparation,” a perfectly clean 
cover -glass is laid over the colony of which it is wished to 
obtain a permanent recor<i, allowed to remain in contact with it 
for a moment, and then removed from the surface of the gelatin 
with a pair of tweezers. l’>y this means an impression is obtained 
of the colony. The prej^aration is now allowed to become perfectly 
dry, and is then stained and mounted in the same manner as a 
cover -glass preparation. Not only can such a preparation be 
examined with low' [)owers for the shape of the colony, but the 
highest magnifying powders may be applied so as to examine the 
individual bacteria. Young colonies lend themselves more readily 
to treatment in this wmy than older ones. It is not well ada])ted 
for colonies where a large amount of licpiefaction of the gelatin 
has taken place ; in order to make successful impression pre])ara- 
tious of the liquefying bacteria, they must be made wdiile the 
colonies are quite young. 

Substitutes for the Cultivation-Plate of Koch.— Petri 

replaces the plate by small dishes (Fig, 22), one of wdiich is slightly 
larger and fits over the other. The dishes are about 
four inches in diameter and half-an-inch high. 

After they have been sterilised, the warm infected 
gelatin meat-broth is run into the lower dish, and Peiri- 

spread over the bottom of the dish in a thin layer ; Wishes, 
the uj)per dish, wdiich forms the cover, is put in its place, and the 
apparatus simply left to itself until the gelatin has solidified, no 
artificial cooling being required. When the colonies are formed, 
hey can be examined under the microscope, and preparations 
niade from them in exactly the same manner as when a cultivation- 
p ate is employed. Esmarch has proposed another modification, 
pMvhich a small quantity of the infected gelatin meat-broth is run 
? ^sterilised test-tube, a sterilised plug of cotton-wool inserted, 
j^nc , by a gentle rolling motion, the gelatin is spread in an even 
ycr on the inside of the tube, the tube meanwhile being held 
< or a stream of cold water, care being taken that the gelatin 
colonies ilevelop 011 the film in 
inicr tube, and can bo counted, examined under the 

wdtb a bent platinum wdre, and })reparations 
rom them. This modification obviously does not permit 
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impression prepanitions being taken from the film. G. IL Morris 
slightly extends this method by running the infected material into 
a globular sterilised tlask, inserting a jdug of sterilised cotton-wool, 
ami distributing the gelatin in a thin layer by rotating the flask. 

Cultivation of Anaerobic Organisms.— Organisms of 
this nature, such as the butyric aidd ferment, which cannot live in 
the pri'seiiee of oxygen, must be either cultivated in an atmos- 
phere deprived of this gas, or in one of an indifl’erent gas such as 
hydrogen. One of the, simplest methods for iuu’forming a cultuie 
of this kind is to infect the contents of a gelatin meat-broth test- 
tuV)e, ])lugged with cotton-wool, in the ordimiry way, and insert 
this into a much larger test-tube, w’hich contains a small quantity 
of an alkaline solution of pyrogallol, the larger tube being cIo.simI 
with an indiarul)ber cork. As alkaline pyrogidlol solution rapidly 
absorbs oxygen, tin* encloseil air is entirely dej)rivetl of this gas 
in a very short time. 

Bactepiologfical Examination of Water.— A sample of 
water may be (^xamine<l bact(U-iologically, eitlu'r ])y Koch’s culti- 
vation-t)late method, or by that in which Petri-dislu's are used, (iv 
l»y the Msmarch tube cultivation meth<»d. Of the three, the .secoinl 
method, in which Pctri-dishcs are employed, is the ('asiest aial 
simplest to inani[)ulate, since no levelling apparatus nor ice is 
required ; l)ut whichever method is em|)loy(‘d, we commence in tliL- 
same way. A tube containing approximately lo e.c. of stcrilisid 
g(datin m**at*hroth is warmed just sulliciently to render its (aai- 
tcnts li([uid. Tin* .sample of water to be examined is shaken uj» 
well, so as to evenly distribute the organisms it contains, and, h 
the sample lx* a fairly pure one, i e.c. of it is measured out by 
mean.s of a sterilis(*d })ipette, aiid added to tlie gelatin medium. 
'fhe ping is then inserted in the tube, and the water intimately 
mixed with the houilhui by turning ami twisting the tu])e ;d)eut. 
A sterilised glass plat«; is tlien (!o:ited with one-half of the ccii- 
tents of the IuIh* in the manner de.scrilxMl on p. 212; when tins 
lias solidilied, a secoiel plate is .<-iniilarly coated with the remain- 
ing half of the bouillon. If, instead of using cultivation-]>late.s 
W(; employ Pe‘tri-di.''lies, two of these, are, sterilised in tlic 

liot-air ovmi and alhnved lo giow cold. Into the. lowerim'st 
dish of one of the.se sets half the contents of the infected tube 
are poured, and the remaining half into the, lower dish of tlio 
second set. As the top disli is only reniovcul for the fc'V 
second.s it takes to pour (Uit the contents of the tube, tlm 
chance of organisms falling in from the air is well-nigh exclmbd' 
The gelatin i.s tlien distrilmted in a thin even layer on tj'^ 
bottom of the dish by gentle rotation. Esmarch’s tulies imij 
coated in the manner previou.sly described on ]>. 215 ; they 
not so suitable for this juirpose as plates or dishes, for, if 
liquefying bacteria are present, the colonies arc very apt to 
Wgether. 
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In case tlie sample of water is somewhat impure, a smaller 
quantity than i c.c. must be taken for infecting the gelatin 
bouillon, say 0.5 c.c. When very impure samples have to be 
examined, it becomes neces.sary to employ a considerably less 
quantity than half a cubic centimetre. As smaller quantities than 
this cannot be conveniently measured, in these cases it is better to 
begin by diluting the water. For this puri)Ose we take a small 
stoppered bottle wliich lias been sterilised, place in it 4 or 9 c.c. 
of sterilised water, and then add i c.c. of the sample of water. 
The mixture is thoroughly incorporated by shaking, and i c.c. of 
it taken for infecting the gelatin tube. Obviously in the first 
instance we use 0.2 c.c., and in tlie second o. i c.c. of the sample 
of water for the infection, and these quantities must be taken into 
account in the subsequent calculation to i c.c. 

Standard for Comparison. — The numhcr of colonies wliich i 
c.c. of water yields is taken as a convenient standard for the pur- 
pose of comparison. Thus, if, on examining a certain sample of 
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water, of which i c.c. had been taken to infect tlie gelatin tube, 
and if, of the two plate.s which had been run witli it, the one 
yielded 218 colonies, the other 224, then such water would be 
said to contain 442 organisms per euliic centimetre. Obviously, 
if the sample lunl lieen previously diluted to such an extent that 
only o.i c.c. had been taken, then the numbers found on the two 
pates would require to be multi jdied by 10, in which case the 
iiuinber of organisms contained in such a water would be 4420 
per cubic centimetre. 

Counting the Colonies. — For this purpose the apparatus in- 
ven ed by Wolfhiigel (Pdg. 23) is generally employed. It con- 
as s of a wooden base, surmounted by a blackened ground-glass 
pa e, on which the cultivation-plate is place<l, and over tliis a 
fe ass ])late marked into squares with a diamond, so supported at 
^ e coiners that it does not come in contact with tlie gelatin 
oil t?^ oultivation-plate. Tlie sides of the squares engraved 
eiehf?^ ^^tinting-plato are generally a centimetre (about tliree- 
8 IS of an incli) long, and several of these squares are still 
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further subdivided. The counting is performed with the assist- 
ance of a magnifying-glass; the number of colonies in a certain 
number of squares are counted, and the average contained in eacli 
square estimated from these. The number so found, multiplied 
by the number of squares which are c(pial to the size of the gela- 
tin lilm, gives the number of bacteria contaimnl in the quantity 
of the water used for infetding the gelatin. The colonies formed 
in a l\*tri-dish may be .similarly counted by placing the dish on 
a sheet of })lack paper ruled in squares with Cliinese white. 

Biological Examination of Filtered Waters.— Where the 
water employed in a 1»re',verv is of such an impure nature as to 
nece.ssitate its tiltration prior to use, the biological examination o f 
such a water, after tiltratiiui, aflbnls valuable information, in the 
tirst instance, as to wheth<‘r the lilter is pro|)erly (‘onstructed, and 
capabh* of etliciently dealing with the <juantity of water required; 
afterwards it is of gr(‘at valiu* in ascertaining if the tilter is per- 
forming its functions ])ro|)erly. d'his is the one case where that 
cultivation method in which meat-liroth gelatin is enqiloyed, and 
which is the one whi(di rev(‘als the total number of bacteria con- 
tained in a water, may be used with advantage in the ])ractical 
working of a brewery. 

Hansen’s Method for the Bacteriological Examination of 
Brewing Waters. — It has h(M*n pointed out by this distinguished 
physiologist, to whom w(^ owe so much for the elucidation of many 
|)oint.s connect('(l with the sciimcc* of brewing, that the vast majority 
of the organisms found in water by Koch’s method (meat-broth 
gelatin) have no significance whatever for the brewer. Very few 
of those which aie capal)le of living and multiplying either in 
pejttone meat-broth or on a gelatin meat-broth jilahi are capable 
of veg(!tating in such fluids as w'ort or beer. The conditions in 
these two last fluids are extrenndy unfavourable to the life of 
many bacterial organisms, .sinee, they arc; idways .slightly acid, 
and alsfi contain some of the ••onstituents of the hop, which are 
directly bactericidal in their action. Ihideavours hav<i been nnule 
to estiinatf; the <piantity «>f those ba<d(*ria contained in a water 
which an; injuriou.s to wort or beer, by tlie. ]date method "f 
Koch, using, instead of meat-broth gedatin, ordinary boileil wort 
in whi(h lo iter ee.nt. of gelatin has hetui dissolved. It was 
found, how'ever, that, many organisms which were cajiahle of 
developing on a gelatin -wort plate would not grow in wort 
itself : hence this inetliod, al.so, di<l not jiflbrd reliahlo inforina- 
tion as to tlie nuinhfT of hacteria wliich were capalde of gr<^"’' 
ing in wort. As J)r. Hansen suggests, tlie real question wine i 
the hre\ver has to decide is, “How do(‘.s a water hehnve witi 
reference to the wort and the beer; ho\v many micro-organisius 
does it contain which are ahh; to develop in those two litph^l^' 
and are there amongst them any species capable of causing distur ’ 
ances in the brewing oi>erations ? ” 
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The brewing chemist obviously holds a much more advan- 
tageous position in the study of tliosc bacteria which concern him 
than the hygienist does. The latter would be able to obtain 
nmch more precise and satisfactory information concerning the 
action of the individual organisms which he isolates on the 
human economy, if he were able to try their effect on the human 
body itself ; but since he is obviously debarred from such a pro- 
ceeding, he has to content himself with inventing methods for 
their identification, and trust to chance for the occurrence of cases 
where he can study their action on the human body. The brewer, 
in investigating the action of micro-organisms on wort and beer, 
is able to experiment directly with these very fluids themselves, 
and carry out his experiments under conditions which resemble as 
closely as possible those which actually exist in the usual routine 
of the working of a brewery. 

In the actual examination of a water by Dr. Hansen’s method, 
fifty flasks, each having a capacity of about 20 c.c., arc taken and 
divided into two groups, A. and R. Into each of the 25 flasks of 
group A. 10 c.c. of w’ort are introduced ; ami into the remaining 
25, which constitute the B. group, the same quantity of beer. All 
the flasks are plugged with cotton-wool and sterilised. AVhen the 
flasks and their contents have hecome cold, one measured drop 
(0.04 c.c.) of the water under examination is added to each of fif- 
teen of the flasks belonging to group A., and also to fifteen of the 
flasks of group B. To each of the remaining ten flasks of each 
group 0.25 c.c. of the w’ater is added. The whole of the flasks 
are then shaken, so as to distribute tlic organisms, and kejit at a 
temjierature of 24" to 25° C. (75° to 77" F.) for fourteen days. At 
the expiration of this jieriod the flasks are examined for signs of 
Birbidity, and those which exhibit this sign of infection counted. 
Taking into account the total quantity of wiiter added to the ten 
flasks, the number of flasks infected, and the total number of flasks 
taken, we find the number of organisms presumably jiresent in 
t us quantity of water, and from this is calculated the number 
present in each cubic centimetre of the water. Thus, if five out 
''vort flasks (group A.) to which 0.25 c.c. of the 
"ater had been added have become turbid, then, as the total 
amount of water added to these ten fla.sks was 0.25 x 10 -- 2.5 c.c., 
11s quantity ])resumably contains five organisms^ capable of 
t < ve oping in wort ; consequently, the water contains two such 
h^anisnis per cubic centimetre. If, as sometimes hajipens, the 
hp^ f ^ Ihese ten flasks have become turbid, no conclusion can 
orined from them. We then turn to the remaining fifteen 


1 'pi • • 

duced the supposition that only one perm or (irg.anisin i.s intro- 

of cases . "^^k with the 0.25 c.c. of water, which, in the v.a.^t m.ijority 

Unaffected * '^^^htedly true, when n large number (d the fl.nsks remain 

nr orirAni*D*« ®'lwaya, however the that two or more germ.s 

ham, sms may have been intoHinced into ,>ne flask. 
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flasks of each group, to each of whicli only 0.04 c.c. of water hud 
been added, and apply the same method of calculation. Thus, 
supposing that twelve out of the lifteeii show signs of infection, 
then 0.04 X 15 = 0.6 c.c. of the water presumably contains twelve 
germs ; conseipiently, one cubic centimetre of such a water will 
contain twmity organisms capable of develo[)ing in w’ort. Tlie 
same process of ealculation is a})plied to the flasks of grouj) P>., and 
the number of organisms per cubic centimetre of the water capable 
of developing in beer similarly found. 

A comparative ex})eriment ])erformed l)y Dr. Hansen with 
the water supplied to the DM Carlsberg Brewery will serve to 
illustrate these diflerence.s. A plate-cultivation was made after tin* 
method of Koch (gelatin meat-broth), using ^ c.c. of the water. 
At the end of fourteen ilays then; were fouml on tliis 1 1 1 colonies, 
that i.s, 222 organisms per i c.c. water, all of which consisted of 
bacteria. ^ ery few' of the colonies had li(iuefled tin; gelatin. 
Another plate-cultivation was made simultaneously, using want 
gelatin. It was fouml at the end of fourteen days tliat tiftecii 
colonies had develo{)ed on it, and as A c.c. of waiter W’as us(;d, 
this would l)e at the rate of thirty colonies ])er c.c. At the same 
time ont; dro[) (0.04 (’.c.) of a mixtur(; of e([ual parts of tin* waiter 
and sterilised w'ort w'as added (f.c., 0,02 c.c. waiter) to each of a 
series of fifteen wort flasks and to an eipial number of beer flask.<. 
These w'ere kept for fourt<*<*n day.s ami tln*n (*xainined, when it 
wais found that the contents of none of tin* flasks showaid signs ol 
infection. In a second similar exjieriment, wdien; the water yielth’d 
by Koch’s method 1000 colonies |)er c.c., and the w’ort-gelatiii 
plate showed thirty-four colonie.s, but two of the wort flasks 
liecarne infected. One of these bad develo[)ed a growth of bac- 
teria, the other a growth of PemriUinni (jUiuriini (one «»f the 
commonest mould fungi), that is, 6.6 organisms per c.c. of waiter. 
The whole of the lieer flasks remained unaltered. 

Holm gives the followung results of thr«;e comparative experi- 
ments of a similar nature, all of which are reckoned upon i c.c. of 
water : — 


Koch’.s niethoU 

?,oof).o, iMO.stly n.'ifteria. 

II. 

350.0, n.'iriori.i. j 

III. 

370.0, iKictcri.'C 

Wort-golatin 

14.0, tnoiilU fiitn.ci. 

8.0, mould funf.ji. j 

4.0, bjiftfi iii. _ 

1 . 1. moiiM fuller' 
nnd 

0.4, mould f'H'P 

Wort . 

S ^.4, .'iiul 

( tiiouM fun|;i. 

5.8. hacteriji and j 
iiuudd fungi. 

Beer . 

0.8, mould fnt)xi. 

! 0.8, mould fungi. 


The last exam})le is w'orthy of note, since it shows that th"*’' 
species which diivelojied in the wort and beer entirely diflerc 
from those that developed either in gelatin meat-broth or 
gelatin plate-cultivations. 
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The following results are taken from a large number of analyses 
of brewing water which were made by Professor Schwackhbfer. 
They likewise serve to show the remarkable differences in the 
behaviour of the organisms contained in the same water under the 
various methods of culture. The results of the experiments with 
wort and beer are given in percentages of the number of flasks 
which became infected. As 4 c.c. of water was added, collectively, 
to each hundred flasks, the numbers contained in columns three and 
four, divided by four, will give the number of growths per c.c. 
water : — 


No. of Colonies per c.c. Water. 

Per Cent, of Flasks 
Showing drowths. 

i 

I 

Opinion Formed 
from the Biological 
Examination. 

Koch's Method. 

Wort-delatin. 

Wort. 

Beer. 


56 

0 

0 

0 1 

Good. 

165 

0 

0 

0 

Good. 

609 

0 

0 

0 

Good. 

3,260 

0 

0 

0 

Good. 

4,134 

0 

8 

0 

Good. 

6,120 

6,000 

1 0 

8 

0 

Good. 

0 

80 

8 

Pii favourable. 

-^456 

0 

20 

19 

Gii favourable. 

46, 700 

0 

70 

, 0 

Permissible. 

121,687 

0 

100 

1 60 

1 Bad. 

769,780 

0 

100 

!■' 4 

Bad. 


Wichmann's Method. — ]>y this method, which is a modifica- 
tion of Hansen’s, it is sought to give a numerical expression for 
the degree of vital energy jiossessed by the organisms existing in 
a water. In examining a number of sam{>les of water by Hansen’s 
method, in some cases it is found that the whole of the flasks 
become turbid on the first day, in other cases only after the 
expiration of three days, and in others only after a longer period 
than this. In those cases where the turbitlity appears most 
nipidly it is assumed that the organisms ])ossess tlie most vital 
energy, and that they possess lesser amounts as the length of 
line increases before which they alfonl visible indications of 
eir presence. Hansen’s method affords no information as to the 
^lount of vital energy the organisms possess, and this deiiciency 
»Vichmann endeavours to remedy. 

He proceeds in the following manner: — Twenty -five small flasks, 
XV contains 10 c.c. of sterilised wort, are taken (group 

• and a like number, each of which contains the same quantity 
8 ciilised beer (grouj> B.). To twenty flasks of each of these 
isTd^ *1 drop (0.025 water under examination 

tive/ remaining four flasks of each group respec- 
y i.o, 0.75, 0.5, and 0.25 c.c. of the water; the remaining 
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flask of each group being kept as a check on the sterility of the; 
fluids employed. 

These latter four flasks are numhered respectively i, 2, 3, 4, 
and the time is noted at which each hee.omes turbid. If, witli a 
certain sample of water, all these four flasks ))ecome turbid with in 
twenty-four hours, then such a water is eonsidered to posse^^s a 
degree of impurity expressed l)y 100. This number is airiveil at 
by multiplying the numbers of each flask i, 2, 3, 4, which stand 
in a sort of inverse ratio to the varying quantities of water added, 
by 10, and tliis is tlie factor with which the number of any flask 
is to be multiplieil by in which turbidity shows itself in one »lav. 
Thus, where all ani affected on the first day, the calcuiaiion is 
(i X 10) + (2 X 10) -I- (3 X 10) + (4 X 10) = 100, In thos(* cases 
where turlddity ai)p(‘ars in any flask in two days, tin* factor to he 
employed is 8 ; if in three days, 6; in four days, 4; and in five days, 
2. The general metliod of cahadation is shown in the ap[)ended 
example : — 


1. 

2. 

3 - 

4 - 


of Flask. 


Aj)peai'ttiico of 

Infected witli i.oo c.e, water . . . 2 days 

Infected with o.7i^ c.c. water . . . 3 days 

Infected with o. so c.c. w.-iter . . . 3 days 

Infected with 0.25 c.c. water ... 4 days 

The infective energy of the water towards wort is 54. 


Factors. 

1 X 8 - 8 

2 X 6 - 1 2 
3x6 M 8 

4X4:=I() 


Tlie remaining twenty flasks, to each of wliich 0.025 c.c. of the 
water was added, are calculated Ity Hansen’s metliod. 

As ijeer is supposed for this purpose to have a resistance to the 
vitality of micro-organisms i greater than that of wort, in calcu- 
lating tin* residts with Immu- the numlier of the flask is multi- 
plied by (1.67) in addition to the factor for the length of time 
elapsed before turhi«lity makes its ajipearanee. For example • 


2. 

3 - 

4 * 


No. of Flask. 

Infected with i.exyc.c. water . 
Infected with 0.75 c.c. water . 
Infected witfi 0.50 c.c. water . 
Infected with 0.25 c.c. water . 


Appcaraiici; o 
TmiaUity. 

. 3 days 

. 4 days 

. 5 days 

5 days 


Factors. 

1 X 6 X 1.67 >0.0 

2 X 4 X 1.67 13.4 

3x2x1.07-- 0.9 
4 X 2 X 1.67 - - 13 - 


Thc infective energy of the water towards beer is 47.2. 


Investigation of the Alp for Living Organisms." 

Many forms of complicated apparatus have been devised for this 
purpo.S(3 from time to time, some of which are described iu the 
chapter dealing witli the number and variety of the organising 
found in the atmospliero (p. 310). Now mtich simiilor methods iiic 
employed, and the.se are, as a rule, suflicient for the purposes of the 
brewer. When the air of any particular lucidity, such as that cf 
the cooler-room, the formenting-rooms, or the store-cellars, is to 
examined, a number of glass (cylinders (or wide-mouthed botth'^) 
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are thoroughly cleaned, labelled, and the superficial area of the 
mouth of each ascertained and noted on its label. They are then 
closed with cotton-wool plugs, and sterilised either by steam heat 
or in the hot-air oven. Caps of sterilised paper are then tied over 
the plugs, and the cylinders or bottles taken to tiie locality where 
the observation is to be made. The caps and plugs are here re- 
moved, the plugs being placed temporarily inside the caps and the 
cylinders left standing open for an hour. The plugs and caps are 
then replaced, the j)articulars concerning each cylinder noted on 
its label, and the cylinders taken back to the laboratory, where 
the germs which liave fallen into them may be brought to (levelop- 
ment in several ways. Each cylinder may be filled one-fourth full 
of sterilised meat-broth gelatin, or of gelatin wort, either of whicli 
has been just warmed siifliciently to render it fluid. The cylinder 
is then held under a stream of cold water and turned and twisted 
about until the gelatin is spri^ad over its interior in a thin even 
layer and become solidified ; or the gelatin, after admixture with 
the germs, may be made into a plate-culture or poured into a 
Petri-dish. The l*etri-dishes, after being sterilised, may be used 
to catch the germs in the first instance, sterilised gelatin being 
added afterwards. In whichever way the culture is made, it is 
placed in the incubating cbamber and allowed to remain for two 
or three days, when the various organisms will have formed 
colonies. Ihese are counted, and, by taking into consideration 
the area of the mouth of the particular cylinder or dish and the 
number of colonies formed, a simple calculation gives the amount 
of germs hilling per sipiare foot from tbe air in a })articular 
locality. The individuals composing tbe colonies can be investi- 
gated by fishing any particular colony with a platinum wire and 
examining the organisms by the usual bacteriological methods, or 
iiey may be cultivated by the hanging-drop method, or their action 
on such liquids as wort or beer studied. 

The colcmies of mould fungi are readily recognised by their 
ijraiiching mycelium, which spreads out froiii the^ borders' of the 
CO oiiy 111 all directions, giving it a star-sliajied appearance. ^lanv 
01 t iem throw up abrial spore-bearing hyi>hm, which are distinctiv; 
abm species. The yeasts form small compact colonies 

boJL generally having well-defined 

colm^jlV f colourless, though occasionally 

colo^ ‘ “fO i'>«t witli. The bacterial 

so coirrn tlion those of tlie yeast fungi ; they are not 

mavlW„!i “"V ajipearanco ; some 'of thorn 
an irirlo (chromogenous bacteria), while others may have 

proteolvfT^^ appearance. Many .species of bacteria secrete a 
inedium ^ a consequence liquefy the gelatin 
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Till-: browL'T is, in tlio course of liis operations, brouglit so con- 
stantly in contact with ]>r(H‘ess(‘s of a jairely biolo^ucal nature that 
it is hi^Mily necacssarv he sliouhl possess st^im* knowledge of this 
brancli of sciiuice. A short account of the elementary princijilcs 
of biology is therefore given, together with a brief l)iologi(!al 
«leseri[)tion of those organisms with whicli he is chielly cun 
cerned. 


The Livingf Cell. — d'his constitutes tlie foundation, or, as 
it may be terim‘d, the unit of .all living organisms. Among tlic 
lowest and simjdest fmaiis »)f veg(*table organisms many arc* known 
which, though tln'V consist of Imt one single cell, yc't these an‘ 
able to carry on all the functions esstuitial to ])lant life, such as 
respiration, nutrition, reproduction, vVc. As wc* ascend in the 
scale of v(*getable. life, the larger be(‘omes the number of colls 
which enter into the structures of the plant; ami very soi'ii, 
instead (jf all the cells being alike ;uid })erforming similar functiuns, 
they become divi<led into groups, to each of which a ])articular 
set of functions is assigned. Thus a highly organiscal ])lant, such 
as the hoj) plant, may Ixi regarde«l as a vast congregation of gruuj)s 
of ilitfereiit cells, e.ach group constituting a dillcrent tissue in thr 
])lant, and each having its own spe(‘ial set of duties to perform in 


the colleetivf* eeonoiny. 

In ctnnmemung the study of the problems of plant lih*, we first 
devote our attention to thos(? organisms which consist of a sin,L;K‘ 
cell, for he*re the conditions of life are, presented in their simplest 
form. 

Protococcus pluvialis.’ — This simple unicellular plnnl 
(Fig. 24) is descrilxMl iirst, because, though it consists of merely n 
singh* C(dl, it performs all tlujse biological functions which 
e.ssentially characteristic of the cddorophyll-bearing plants. 

This organism is comniotdy m<;t with in consideraVile (pmntitie^ 
in the mud which c<tlh;(;ts in roof guitters, water butts, Ac. ^Hicn 
submitted to microscopic ^•xamination, tln^ protococci are se<n 
to consist of small r<mnd or oval bodiccM, each of which is sm 
rounded by a tough redstaiit meml)rane calhsl the “ cell-wnm 
and this, iiy treatimuit with appropriate reagents, can be slm'^^' 


• Anotle r cloHc-ly allied «pecinH, IWotoromm vir'Idis, often fouiKl 
green film on the bark of trees, will nerve (Mpiaily well for examination. 
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to consist of cellulose. Kacli of these little bags of cellulose is 
filled Avith a semi-iluid, jellydike substance called “ lu'otoplasni/’ 
and this constitutes the essential portion of the cell; for living 
cells arc known whicdi consist of a mass of protoplasm without a 
protecting envelope. This remaika])le substance is found in all 
growing cells, when* it forms the seat of those vital actions 
which distinguish living from lifeless organic matter. Through 
it*s agency chemical d(*compositions and re-com])ositioiis of the 
most i)rofound and comj)licat('d nature* are constantly being carried 
on, with the most perfect smoothness and apparently Avith the 
greatest ease ; for })rotoplasm j)Ossesses the jjoAver of absorbing 
many com])Oumls, the elements or ehunentary groups of Avhich 
it unlocks and rearranges into fresh states of' chemical combina- 
tion. dhese masses ol protoplasm, though in th(*mselves extremel}^ 
minute, are contained in such countl(*ss myriads in the members 
of the vegetabh; kingdom distribut(Ml tliroughout tlie Avorld, that, 



taken collectivity, they constitute one of nature’s griMitest labora- 
tories, in Avliich transformations, the magnitude of Avhich is 
inimeiise, are continuously lieing carried on. 

Protojdasm, Avlieii moderately magnified, is seen to be of a 
I'lore or less granular nature,^ according to the age of the cell, 
Hiiiig h'ss granular in young cells, more .<0 in old. It is not 
homogeneous throughout the cell; the portion nearest the cell- 
^'ail IS someAvhat denser and more translucent than the portion 
oanpying the interior of the cell. The comjmsitioii of protoplasm 
•yno known Avith exactitude; it is undoubtedly extremely com- 
1 Pi'oteid nature. In the cells of'^ the Pn^fon^rrus, 

miPln"^ all other vegetable cells, a small round body, the 

oIkpi/^^’ seems to b(* concerned, in some 

for controlling the functions of the cell ; 

divi.a division of the cell is always preceded by the 

horn ti! nucleus. Chemically it dillers in composition 
(’omno^H; Kv containing nuclein, a substance into the 

on of Avhich phosphorus largely enters. In the interior 

yojist plant**^ *** mra.k more c:i.sily examined in the organism next described, 


P 
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of most active cells, especially when fully grown, there are to be 
seen one or more round or oval spaces, tlie vacuoles. These are 
tilled with the cell-saj), which Huid also permeates the protoplasm 
and the cell-wall. A number of green or red granules are dilfused 
throughout the protoplasm of the Protococais ; these are the chloro- 
phyll cells, which play sucli an important part in the nutrition of 
this and other green plants. 

Food. — When the .substance of a chlorophyll-bearing plant is 
analysed, it is found to consist of the elements carbon, hydin- 
gen, oxygen, nitrogen, phosphorus, sult)hur, together with minute 
quantities of potassium, magnesium, calcium, and iron. This Iciuls 
at once to the supj)osition that all the.se elements must be present 
in the food of such a ])lant, if it is to carry on its vital func- 
tions etliciently. It has been proved experimentally that this 
is so, for if a plant like the Protoroccuti is grown in a solution 
which lacks any one of the.se elements, it gradually sickens and 
dies. In addition to this, we .shall tind, as we. proceed furtluM, 
that it is also re([ui.site that the.se elements slioubl be i)re.sented t<i 
tiio plant in siudi forms of comlu’nation as the plant can assimilate, 
and plants ditler considerably with regard to the compounds they 
are able to aj)i)ropriate for the purpo.ses of nutrition ; like aniiiiab, 
they exhibit considerabb* cboict* in the nature of their diet. 

Assimilation. — Plants wliich pos.sess cldoro])hyll cells are alile 
to ol)tain tlui carl)on imcessary for their nutrition from the carbon 
dio.xide of the air. The ])rocess by which they accompli.sh this is 
effected through the agcuicy of tln^ chlorophyll celhs, and i.s callod 
“ a.s.similation.” That this proce.ss goes on in the Pi'otocoi'i'us may 
be demon.strated by tlic following experiment: — A tolerably large 
•strong test-tul)e is three parts filled with mereiiry, tin* remaining 
fourth being tilh-d with water containing sullieient Profocwrl t*' 
render the liquid distinctly green; tln^ whole is ibeii inv(!rtcd and 
})Iaced in a dish of mercury. Carbon dioxide gas is now passed 
into the tube in (quantity sullieient to displace about a fourth of 
it.s contents. The whole arrangement is })laced in hrujht 
for several liours, at the expiration of whicli it will he found that 
the greater jiortion of the carbon dioxide originally i)resent in 
tube has been replaced by an equal volume of oxygen. Tliis is 


shown by passing a piece of caustic potash into the tube, whi'ii 
dissolves in the layer of water, and ah.sorhs the small quantity 
carbon dioxide which has not been decomposed by the plant. 1^ 
a solution of j)yrogallol be then ]ui.s.sed into the tube, th<' 
inaining ga.s, which i.s nearly as large in volume as the gas 


duced into the tube, will be ab.sorbcd ; this proves that it is o-xyp’', 
The little plant evidently takes in carbon dioxide, deprives id 
its carbon, which it holds back for its own use, and rejects tm 
oxygen. It is known that, in order to decoinpo.se carbon diexi'^^' 
into its constituent elements, a large amount of energy is 
This energy the plant derives from the luminous rays of the sun - 
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lienee the transformation only jiroceeds in the light. We know 
that the peculiar agents which bring about this'^ebange are the 
chlorophyll corpuscles, because all plants unprovided with them 
are incapable of effecting this tramsformation. The process i.s 
supposed to take place in the following manner by double decom- 
position : — 

C(\. 1 1{.,0 = CHOH I- Oo 

Carbon dioxide. Water. Kornialdeliy<le. OxyKen. 

A number of foinnddeh^de molecule.s may then suffer condensa- 
tion, one of the hydi-oKon atoms of mm of them heing simul- 
taneously transposed, and in thi.s way a carhohydrate formed 
For instance, we may imagine the formation of ghicoso to take 
place in the following way : - 

6(CHOH) = CHoOH— CHOU- CHOH— CHOH— CHOH— COH 

Formaldehyde. Glucose. 


That some reaction of thi.s kind iictually doe.s take i)la<'e is 
roaderod extremely prcjhahle hy the ro.search(.s of Kmil Fischer 
who has actually produced a sugar hy the condensation of for- 
maldehyde ; and Brown and Morris ■ have pretty conclusively 
•shown that the first products of a.s.similali()n in plant life consist 
of one or more sngar.s. The proU.plasm is aide, in some unknown 
way, to tran.sform th.'so first-formed carlmhydrates into other bodies 
having a much larger molecule, such as shtrch, cellulose, lignin. 


Lvery pound of carbohydrate formed in this wav represents 
so much storedmp energy, a portion of which is afterwards liberate.l 
as tlm’l’’ Tr' *'>'0 i'dernal work of the plant, such 

ill the ’“‘“'[S “i; of Its tissue.s, ollecting chemical transformations 

c rb ,1, ! ' ••”“>o"»t of 

a th fe 1 f'is "-ay 1ms been estimated to he about 

eth part of the total amount formed by assimilation 

tile worTn^f’' 'f “"‘"flooml that an immense portion of 

of the c'irKo^°™!®'V"/“* obtained from the cumlmstion 

“k'oucy of tlmi"" ‘ '“f n®" “I* ''y through the 

fin r f * “>'»• ^I“>'y animals derive tlieir 

obtain their, /ood iiloue ; the carnivorous animals also 

thev manner from the vegetable world, 

i«'^meiise L ! ^ herbivorous fellow-creatures. Those 

sun’s our coalfields, represent the energy of 

ehloronbvl’l Tn through the agency of 

Formation ^^plants which lived countless ages ago. 
%drates tho nv f addition to the formation of carbo- 

P^^rtant funofmrv^ oplasni of the Protocoeem performs another im- 
, VIZ., the building up of the p^roteids, or the very 

JoMi'nal of the Chenncal Society, 1893, P* 604. 



228 


VEGETABLE BIOLOGY. 


l) 0 (lies of which it is itself composed. From wliat has gone ])ef()ro it 
will he remembered that tliese. bodies ccmtain, in addition to carbon^ 
hydrogen, and oxygen, also nitrogen and .^nlphnr ; and the proiu- 
plasm of many plants is able to build ii[) its jiroteids from the 
earbohydratc*s and snch coni}M)uinls of nitrogen as nitrates nr 
ammonia, which are of an entiiady inorganic nature. The Proin- 
carruf^ Hourisln's in rain water, whieli always contains mimitc 
quantities of ammonia and nitrates. Hardly anything is dclinittiv 
known as to how this is accomplished, ])ut it is Knp{)os(>d tliat llie 
ammonia or nitrate is first rediiciMl in a manner somewhat analogms 
to that in which <‘arl)on dioxid<‘ i.s, and that in this redma'd fuiin 
it unites witli a portion of the carb(>liydrat('s to form amides siiili 
as asparagiiK', glutamine, Ac. ; the aniitle then combining with n 
further portion of a carl)ohydrate to form a proteid. 

This power of ))eing a]>le to construct proteid matter feaii 
purely inorganic sul)stances, though peculiar to vegetalth*. ceils, 
is not possessed by all cells. No animal cell is ca]):il)lc‘ of elfot 
ing this transformation, Inuna* all animals have (dther directly oi 
indirectly to depend upon vegctabb' organisms for their supply "1 
jiroteids as well as f.a that of their carb(»hvdrates. 

Respiration — All living beings brcatln*. that is to say, tlitv 
take in oxygon and give o>it carbon dioxide, d'hey (huive in tlii' 
way tlie energy rc(piisit(5 for performing tin* various functii'ii> d 
their life frt)m the combustion of carbon. In tin* construction d 
a building a certain amount of forct* has to be (‘X]H‘ndeil ; this is 
.su[)plied ])y tin* labour(‘rs engaged in the work, who (huive it fn'iii 
the. combustion of tin* carbonaceous matter taken into their hedits 
as food. Many other kinds of work an* petformed by the cni'igv 
lib(*ratetl in tin* <*om)iUsti(tn of coal in tin*, boiler of the strain- 
engine. Similarly, a ccrtaiti amount of work has to be ]>erf'>iW 
in the building up r)f a plant, and this is (d^taiin'd l>y the coiiihii!- 
tion of tlie carbon of some of its own carlx (hydrates. Tlmt lla’ 
Protof'oi'run respires may be show’n l>v a modification of the cxpaii- 
ment just <lescril)ed. If tin* test-tube be filh'd three pait*^ hiH 
with mercury, the, r<*maining fourth }»art with water c((iilaiii>"^' 
I*ro((>rorn\ the w’hoh* invertcil in a dish of nn*rcury, and kept bf 
several hours in thr thirk, a <-crtain amount of g;is will be cvnhet 
If a piece of caustic jmiash b<* passed up tin; tube*, the wlielcef 
gas will be absorbed in a .short tinu*, showing that it i;^ 

• lioxide. Since tin* gas is obtained from the comhnstieii < 
earhon of a portion of tin* earlKdiydrates contained in tli<* 
hy tln^ oxygen dis-solveil in the water, its (juaiitity iui»y 
as a ineasui’e, of the energy e,x]a*n(h*<l in earrying on the cel ( 
life of the plants during the pa-riod of tin* ex[K*rinn‘nt. ^.| 

Excretion. — I n addition to the.se constructive 
of (le.structive processes are continually going on in the. 

In those the proto])laHm ishroken down into simjdcr bodies, " 
being of no further n.so to tlie plant, arc thrown off or exercteo 
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is supposed that tlie oxy^^en taken in by respiration combines with 
the protoplasm, renders it unstable, and linally leads to its resolu- 
tion into simpler substances. 

Mineral Food. — Every plant when burnt leaves behind a cer- 
tain quantity of minend matter, technically known as “the ash." 
Tliis consists chiefly of the elements potassium, magnesium, cal- 
cium, iron, sulphur, and phosphorus, and it has been determined 
experimentally that all these substances are indis|)ensable for the 
])roper nutrition of all green plants. The.se ehuneiits, in the case of 
tlie Protococrus, are in the most suitalde states for its nutrition wlien 
combined as the nitrates, .sulphates, and phosphates of pota.ssium, 
magnesium, calcium, and iron. The last element is only necessary 
to those t)lants which (contain chloro- 


phyll, iron being a constituent of that 
substance. 

Osmosis.— Since all such plants ^ 

as the ProfococcuSf which consist of 
a single cell, are closed in on every 

side by a cell-wall unprovided witii li.— 

any visible opening, it .seems at first ^ 

f=ight difficult to understand how such C 

organisms obtain their su]»plyof food 
from without. This they are enabhal f) 
to do by the peculiar property which ^ 
their cell-walls, and which membranes 
generallypos.sesa, of permitting various 
substances in .solution to pa.ss or dif- 
fuse through them by a process calle«l 
“osmosLs.” If a dry bladder is filled " ' 

with water, the previously hanl ami 25.— Osmotic .\ppjiratu8. 

I’igid membrane becomes soft and pli- 
able o^\dng to the penetration of wat«‘r into its sub.stance ; but the 
wa ei does not pass through the bladder, it simply wets it. This 
pmdiar property, exhibited by animal and vegetabh^ membranes, of 
allowing liquids to permeate, without actually passing through them, 
enables such membranes to set up osmosi.s. ^ 

us process may be demonstrated in the following manner: — 
witl?' taken, and its lower end closed 

filled bladder or parchment-pa[)er. It is then partially 

b, fL ^ strong solution of common salt or .sugar, and supported 
soluti® (0 s«cl> a hi'iKlit that tlic level of the 
side (A ^ tube and that of tlie surface of the water out- 

hours If '"'hole arrangement is left at rest for a few 

tube win 1 ^‘^PU'ation of which the level (</) of the liquid in the 
"iiter considerably. The reason for this is that the 

cules of ^ 1 penueates the membrane, and as the mole- 

great atfvnnf* solution within the tube have a 

ion for the water molecules in the membrane, they 
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draw them from the membrane into the tube. Tliis passage of a 
fluid inwards is called “ endosmosis.” The membrane is also pc]. 
meable to the salt solution, but to a much h*ss extent than to 
water ; consequently, the membrane is also wetted to a certain 
degree with the salt solution. The salt molecules present in this 
are attracteil and drawn from the membrane l)y the water outsidi, 
This, which is the reverse of endosmosis, is called “ exosniosis, ' 
AVhat the relative {)roj)ortions of thes(i two actions sliall be entindy 
depends upon the extent to which the membrane is p(‘rmealile lo 
the solutions with which it is in contact. Thus, in tlie precciliiii^ 
case, endosmosis is far greater than (»snu»sis, beeaus(‘. the inenilnant* 
is much more permeable to water than to salt solution.^ 

If we condin.-t a similar experiment, <‘losing the tube with n 
thin membram‘ of indiarul)ber, and using alcohol instranl of salt 
solution, we shall lind tliat the ah’oliol will |)ass through tla- 
membrane into the water, but that no water will j)ass through the 
meiuhrane to the alcohol ; indiarubljer is permeabh* to alcohol, 
but absolutely impermeable to water. In the former expc'riniciit, 
as the salt solution rises in the tulx*, it is evidtmt that a certain 


amount of pressure is developed, and in soimi cases this inav hr 
very great. This ])ressur(i can be more clearly shown lyy coin- 
pletc'ly tilling the tube witli salt solution and closing its iipjier 
extremity with am^ther piec(‘ of blad(h‘r. After the tul)e has stond 
in watc'r for some time, botli meml»ram‘s will bulge out consider- 
ably, and if the. up|)er one is j)ri<*ked with a pin, a small fountain 
of salt solution will gush out, showing that considerable ja'cssiiie 
has been developeil inside, tln^ tub(‘. It is in this way that the 
cells (,)f living plants are ke))t in that state of turgidity which h 
e.ssential for tin*, ellicient performaiUM* of tlun’r vital fnncti('n>:. 

Crystalloids and Colloids. — Tho.se bodies which are able 
pass through a membram* V>y osmo.sis are termed “ crystiilloids: 
amongst tliese the crystalline bo<lics ditliisi* V(*ry rajtiflly, others, 
such a.s [leptone, w'itb 4*xtnunf5 .slowne.s.s. Many substances wlan 
in solution are unable to difl’u.se tlirougb a membrane ; for iiist:iiH''’j 
if a .solution of allmmin (white of egg) is placed in the tuhe, nnj 
the tube plac(;d in wat<*r as before, mme of the alhuiiiiu 
jiass through the nienihrane into the ontsifle watiu’. All ihcs’ 
snbstanees, sue.li as gelatin, gum, Ae., which bcfliave in a siinihr 
manner are called “c(>lloidH” (glue-like bodies). Tlie (lillci’<'i‘"' 
in the nature of lK)*dies in this respect is one of great iiiipcrtir'*'^ 
in plant life, for <Tystalloid bodies taken into the living <’‘11 ^ 
often transformeil in its interior into colloids, in which state tin. 


* The wolution of HubMiancoH in ih also due to the mutual 

between tlieir respective inoleculea. Wheti a huup of sugiir i» I'hu'*' 
vesfiel of water, ami the whole allowed to remain at n st for Bonie 
fectly homogeneouH Holution renultH ; the sugar luolecuhis rise up an<l 
evenly diHtributed through the water luoleciileH hy virtiie <»f tlui' ^ 
attractifJii, in spite of the fact that the Hugar inolecifles are held d<twii 0 


force of gravity. 
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are incapable of passing out of tlie cell until they are again changed 
into crystalloids. It is by osmosis that the Protococais is able to 
obtain its nutriment from the outside ; since its eell-sap is richer 
in substances in solution than the water in which the plant is 
immersed, the molecules of the substances dissolved in the cell 
attract and draw in the molecules of water which permeates the 
cell- wall, along with the carbon dioxide and the salts dissolved 
in this water. On the other hand, the sul)stances that are to be 
excreted are dissolved in the cell-sap which permeates the cell- 
wall, from wliieh they are attracted and witlnlrawn by the water 
outside ; but as the balance between midosmosis and exosmosis is 
in favour of the former, the cell is kept in a state of turgidity. 
'the transference of carbon dioxide from without to within, and the 
converse with regard to oxygen, is explicable on the same ])rinciple. 

It is, however, extreiindy (juestionable if the processes by means 
of which solid, lirpiid, and gaseous bodies are transferred from the 
outside of the living cell, and can be completely ex- 

plained on purely i)hysical i)rinciples ; most probably some of those 
unknown manifestations of force which at present we designate 
vital are also at work. In experiments W(‘ can only employ dead 
membranes ; the cell-walls of growing plants are living tissues. 

Reproduction. — In the resting stage, which may be looked 
upon as the adult condition of the Pfotococcus^ reproiluction takes 
place by cell-division (see Fig. 24, pj 225). First the nucleus 
divides into two," then a new C(*ll-\vali commences to form, which 
eventually divides the organism into two halves (/>). The nuclei 
of each half again divide, another cell partition being formed at 
right angles to the first (c), and the original cell is thus divided 
into four {( 1 ) cells, wdiicli then separate and liecome rounded off 
until they resemble the ])arent cell {a). It is in this way that 
cell-division usually takes jilace in the vegetable kingdom. 

he Protococcus can also rej)roduce itself in an entirely ilitlerent 
niannci. When this is about to take place, the protoplasm 
con lacts and shrinks from the cell-wall, and then commences 
< ( ivu e hrst into two, then into four, and sometimes into 
Tr each of which liually assumes a rounded form, 

rnmt' . ^^o^pores,” 1 as they are termed, are then lilieratod bv the 
Dom/Ii / \ ^ parent cell. Each zoospore becomes 

calltMl “ o flirows out from the point lino hair-liko projections 
the orcr' by their rapiil lavsbing movements, propel 

cili'i along. Sooner or later each zoospore draws in its 

when cellulose covering, and comes to a state of rest, 

division^^™^^^^^^^ takes j)lace in the ordinary manner by cell- 

VitaUty. — If the Protococciis is carefully and slowly 
1 its vitality for a considerable length of time ; and 

plasm instances of naked cells, they consist of a mass of proto- 

o-ny external covering whatever. 
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ill tliis condition it is very readily dissi'ininated l)y currents ot air, 
henco its almost universal ju’csence. 

The Yeast Plant. — When a trace of yeast is mixed with a 
drop of wat<T ami examined iimler the miiu’osco|)e, it is seam to 
consist of a number of round or oval bodies, either isolated 01 
joined toLjether in j^roups, and varyin^^ in len;^th from 3 to 10 
micromillimetres (Fig. 26). Kacli of these separate bodies is an 
individual plant, which consists of a single cell, surrounded hy 
a thin transparent cell-wall of cellulose' or some closely allicil 
substance. 

The interior of the cell is alim^st com])let(“ly filh'd witli 
jirotoplasm, which is almost transparent in very young cells, hut 
liecomes more' or less granular as the cells grow older. llu’ 
protoplasm is soakeel through with tlui ce'll-juice, which also 
permeates the cell-wall. It collee:ts in one or more cavities in 



ini.l.liii;: I va-t 


the proto[)lasm, forming spaces liaving tin* aj)pearanc(‘ of small 
bubbles, which are termed “vacuoles.” \ nlike the ! *r<>f 
the yeast jtlant contains no chlorophyll ; consecpiently its jiioti' 
plasm is much nnu’e easily examined. By can*fully crushin.u 
diluted with water between a cover glass and slip with tln^ blade e 
a knife, some of tin; cells will be rii[>tured and their protoplasniu 
contents srpieezed out. liy applying a little, pressure, to the 
gla.ss with tin; ]>oint of a in;edle wln'U the preparation is uiuh i h’ 
microscope, it will be s(*en that the (‘.scap<*<l protoplasm is of an cla ' 
jelly lik(; nature. It may al.'^o lx* noted that the (;ell-wall, a ''' 
the ruptur«! of a cell, cjuitracts, and this shows that, when the 
are entire, a certain amount of internal ])ressure is exerted eii ' 
cell-wall by the <;onlents of the cell. If a litth; stainiu-t 
{igent, such as indigo or methyl him; .solution, is run 
cover-glass, the dead protoidasm of tin; rupturc«l cells will a 
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tiio stain freely, while that of tlie majority of the unru])ture(l cells 
remains uncoloured. This rejection of staining matter is ])eculiar 
to living protoplasm, for this substance when dead exhibits a 
powerful attraction for many dy(‘S. The nunilxjr of dead cells in 
a sample of yeast may he readil}^ <letee.t(*d by this curious difrerence 
in the behaviour of living and dead protoplasm. It is only neces- 
sary to place a little of the yeast mixed with a ilrop of a dilute 
staining fluid, such as methyl l>lue, under the microscope, when 
the dead cells are readily <leteeted by the deep blue colour they 
assume. The yeast cell also contiiins a nucleus, Imt this is Ijy no 
means such a prominent object as it is in most vegetable cells. It 
can, however, be rendered visible by staining with osmic acid or 
liicmatoxylin and picric acid ; and llans(‘n has distinctly seen it 
without any special treatment, such as staining, in yeast cells which 
have been growing for some time on the snrfaee of wort. Accord- 
ing to the observations of ♦Jansens, the nucleus of the yeast cell 
divides previous to the division of tin* j»rotoplasin of tlie cell taking 
place, either in the formation of a new hud or of spores. 

Nutrition.— If th(> yeast plant is placed in a solution similar 
to that ill which the Protorrociiti flourishes, hut to which a little 
ammonium tartrate has been added insteml of nitrate, though it 
will liv(! for a time, it eventually pinishes from starvation. Yeast 
possesses no chorophyll cells, ami cannot therefore obtain the carbon 
necessary for its nutrition from the carbon dioxide dissolved in the 
liquid. Here, tluui, is a most important dislinetioii hetwi'en plants 
which hear chlorojdiyll cells and the Fungi, to which yicist belongs, 
which do not. Carbon must he supi)lied lo them in the form of a 
substnnee, such as a earliohydrate, which tluw are able to assimilate. 
If to the former .solution a litlh' sugar be added, the yeast will then 
grow and multiply freely, .showing (hat it is now ])rovided with all 
the elements neee.s.sary for its nutrition. 'I'lie Fungi, being <levoid 
of chlorophyll cells, are dependent njxui those ])lants which bear 
fddoroj)hyll cells for the ir .sup[>ly of carbonaceous nutriment, and 
in this respect they resemble animals. In ordinary brewing opera- 
hoMs the yeast obtains its earhonaeeous food supply from the sugar 
in the Avorts, and this is derived from the starch whicli has been 
incinufactured liy the chlorophyll cells of barley or some other 
gi'een plant. 

As the protoplasmic contents of the. yeast cell contain nitrogen, 
ns element must also be supplied U* tln^ plant in a form wliich 
nnd yeast manifests certain pmailiarities in this 
^espect. The Profororcfnt^ and the chlorophyll-hearing ])Iants gene- 
y> are able to derive their sup[)ly of nitrogen from a nitrogenous 
purely inorganic nature such as potassium nitrate, 
1110 * plant i.s quite unable to do this. If, however, am- 

substituted for this salt, then the yeast increases 
showing that its wants in this direction are satis- 
» instead of the nitrate, a compound of ammonium with an 
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organic acid such as tartaric acid is employed, then the yeast grows 
much more luxuriantly ; and a still further improvement in this 
direction is exhibited when an amide body, such as asparagine, is 
substituted for the ammonium tartrate. It has also ])een found 
that pe})tones, one of tlie series of products of the hydrolysis of the 
proteids, are readily assimilated and utilised by yeast ; and heie 
again the plant resembles an animal organism. Yeast, when grow- 
ing in brewer’s wort, oldains its nitrogenous food supply cliielly 
from the amides |)resent in the wort; probably also to a small 
extent from sonn^ of the products of the hydr<dysis of the ])rotei(ls 
of the malt. It also contains pliosphorus in considerable amount; 
this it derives from }>hosi)hates, an alnindant supply of which 
are always lu’eseiit in wort. In addition to the foregoing snh- 
stances, small rpiantities of the elements magnesium, potassium, 
and calcium are indispensable, ami wort generally contains these 
l)odies in quantity over and above the requirements of the 


yeast. 

Respiration. — The yeast idant, in carrying on its vital functions, 
expends a certain amount of energy, which it obtains by the oxida- 
tion of carbon through the instrumentality of the |)rotopla.sm. For 
tins j)urpose a supply of oxygen, which tlie plant obtains by respira- 
tit»n, is necessary ; it hikes in oxygen and gives out carbon dioxide; 
but with reference to this process it exhibits a mutain marked 
])eculiarity. Since yeast has to speml a consiilerable jiortion of its 
existence in fermenting wort where it is entirely precluded from 
(d)taining a supply of free oxyg<ui, it is endowed with the power of 
taking in a .store of this gas in ord<‘r to bridge ov(*r tbos<! intervals. 
During these it derives the (uiergy m'ces.siry for fulfilling its vital 
funcli(ms from the carbon hurnt np by this stored-np oxygen. 
Wlien a fresh opportunity arrives, it again absorbs a fresh supply of 
the gas. In this re.spect, only in a greater <h*gree, it re.sembles some 
of the aquatic air-l)reathing animal.^ .such as the wliale, which are 
ab]<; U) take in a supj)ly of air suflicient to enable tliein to remain 
under watcT for a cniisiderahle time. When yeast i.s grown niuler 
tlie conditifjiis of complete exclusinn of air, its growth gradually 
liecomes more ami more languid, and the yea.st finally die.s. 

Excretion. — The [mxlue.ts of tln^ lire.aking down of the i)roto- 


plasm of the yea.st, being of no further n.si; to the plant, are ex- 
creted, and remain di.ssolved in the lluiil in xvhich the yeast has 
been growing. Tbe.se, so far as has been ascertained, consist o 
huicine, tyro.sine, xanthine, guanine, and .sareine, bodies wluo ‘ 
have all been derived artilicinlly from the proteids by bydrol)sjs. 
The several (‘iizymc.s wdiich yea.st RecretcH, and w'hicli have ^ 
propertie.s, individually, of hydrolysing maltose to glucose, 
sugar to invert sugar, Ac., are also prohaldy decomjiosition pro' 


of the protopla-sm. 

Fermentotlon. — Yea.st possesses the remarkahlc proper y 
exciting the alcoliolic fermentation, that is, of converting 
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into alcohol, carbon dioxide, and several other products. This 
faculty, which renders yeast indispensable to tlie brewer, is only 
incidentally referred to here, but it is one on wliich we shall have 
much to say afterwards. 

Reproduction. — Yeast has two distinct methods of reproduc- 
tion; the first of these, that is, by budding, is by far the more 
usual one ; hence the name “ Budding Fiingij' which is often 
applied to the nieml)ers of this class. The second, and less usual 
method, is by the production of spores, which form in the interior 
of the cell. 

When yeast grows in a fluid containing an abundance of food, 
it invariably increases by budding. As more food is absorbed by 
the yeast cell than is again destroyed in yielding the energy re- 
quired for carrying on its vital functions, there is a gradual 
accumulation of substance in the interior of the cell. Its contents, 
therefore, gradually increase in bulk, and as the cell cannot grow 
beyond a certain size, .some provision must necessarily be made 
for this surplus. This is (‘fleeted by the ju’otrnsion of a bud, which 



Fl«}. Veaat Spoivs (//<7/l^Y/l). 

gradually enlarges, and finally separates from the parent cell. 
When budding is about to take place in a cell, a small jKU'tion of 
the cell-wall becomes softened at some particular point, probably by 
the action of an enzyme secreted by the protoidasm. The proto- 
plasm then pushes the .softened portion of the cell-wall before it, 
and forms a small jirominence (Fig. 26, h) which gradually increases 
in size to form a bud, c. This bud, when it has nearly attained the 
size of the original cell, becomes detached, j\ and forms a sejiarate 
individual, which, in its turn, reproduces itself by budding. In 
some s])ecies of yeast tlie newly developed plant does not separate 
I'om the parent cell immediately it nuiches its maximum size, 
leiice a number of cells remain attiched to one another for longer 
or shorter periods, forming cluster-like groups, 
d — When healthy and vigorous yeast is sud- 

icf\^ nutriment and kept in a moist condition, and 

a undantly supplied with air, it forms spore.s. This method of 
lav^*^ illustrated by placing the yeast in a thin 

yer on the surface of a slice of potato, or on the surface of a 
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block of I)la.stcr of Baris, kept damp by having its lower portion 
immerscdSn water. Sooner or later, according to the nature of 
the vea.st, the temperature, Ac., a series of changes begins 111 the 
lirotoplasinic contents of the cell, which ends in the formation of 
from one to six or eight glistening cells which are called spores 
(Fio 26a). These, when lilaced in a suitable niitritli e mediiin , 
beedn to germinate by throwing out one or more ’”>' 1 "- ' 

eventually become yeast cells. The newly-formed yeast cells then 
reproduce themselves in the ordinary manlier by budding (>■ 'f- ^ 'V 
^ Species and Varieties of Yeast. — I mh- a long ixnioil Uu vta. t.s 
wcre*!irrangiMl in various species according to the dillerences 111 
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form which they exhibited when viewed umler he ; 

Those of a more, or less spherical «''i'l'‘' ''''-'’O 
rtreeisi.-.: ; those of an elliptical form, 
those having n samsage-shaped form, 

After Hansen had introduced '"'f ^ 

yeast from a single cell, by means of which it hr.st 1 '‘- it 
to secure cultivations which consisted iihsolulely of _ „ 

was found that any methoil of distinguishing the , ,,,4 

yeast from its shape alone was inisleading, for ? tlie 

was able, under difTerent conditions of cultivation, to ossu 
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forms of the others. Hence other and more j)erfect methods of 
discrimination had to be devised, such as that wliie.h depends on 
the dilferenccs in the time taken by the various sp(*ci(*s of yeast to 
form spores at the same temperature, descril)ed farther on. It was 
also found that many organisms which did not form spores had, 
from their close resembiance in aj)pearance to the yeasts, been 
included under the denomination ^Sarcliaromyces. It was now, 
however, determined to restrict tliis designation to those organisms 
only which were able to ])roduce spores. 

Saccharomyres c<‘rei'isia \ — Under this term are included those 
yeasts which have been emjdoyed from time immemorial in 
brewing operations, and which are, therefore, spoken of as the 
“cultivated yeasts.” They are divi<led into two great classes — 
the top fermentation ami tlie bottom fermentation yeasts, so called 
because the former rise and collect on the surface of the fer- 
menting lluid, while the latter fall to the bottom. They are 
evidently distinct si)eeies, for, after much ex})erinienting, it has 
not been found possible to convi'rt the one into tlic other. Of 
each of these two si>ecies there are many varieties, which diller re- 
markably in their respective properties, such as the degree of 
attenuation they are able to carry the wort down to, the tlavour of 
the l)eer they yield, Ac. The top fermentation yeasts readily 
form spores, the bottom ones only Avith ditliculty. 

The Wild Yeasts. — In contradistinction to the cultivated 


si)ecies, there are numerous other yeasts met with in Nature, some 
of which occasionally inlrmle themselves into the brewery, and 
there cause trouble. Among these are Hanseids Saccharomyces 
ellipsoids ns I. and II., also iSarcharomyres Pasforianns I., II., and 
III., and several others. Some wild yeasts exhibit a great ten- 
dency to grow on the surface of the litpiitl in the form of a film, 
hence it wotild appear that they re<iuire a free su}>ply of air for 
their welfare. Alany of them are able to ferment maltose, glucose, 
and cane-sugar ; others cannot. One variety of the tilm-forming 
yeasts, the Saccharomyces atiomoJus, readily causes fernumtation in 
wort, to which it comnninicates a fruity odour. This yeast produces 
peculiarly shaped spore.s, which have the form of a hat. 

Saccharomyces apicnlatus.—'V\\\s yeast (Fig. 27) is readily dis- 
tinguishable by its lemon-shaped cells, in fact, it is the only yeast 
which can be recognised with absidute cerbiinty from its form 
alone. The buds invariably form at the pointed ends of the cells, 
and the newly detached colls preserve for some time the oval 
saapo of an ordinary yeast cell. Accorvling to (Irdnlund, these 
yeasts, which, when living in their natural state, pass a portion of 
leir time embedded in tbo soil, during that period produce spores ; 
^ however, yield s]x>res when cultivated under artificial 
conditions. Saccharomyces apiculatus contains no inverting enzyme, 
it cannot ferment any of the disaccharide sugars, but 
^ readily ferments glucose and Imvulose. This yeast occasionally 
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invades the worts, especially in autumn, but it rarely pro- 
duces trouble there unless it happens to be present in very large 
quantity. 

The Schizo-saccharomycetes. — These yeasts do not throw oil’ 
buds after the manner of the ordinary yeasts, but rather by a 
process of fission, such as that which obtains with the bacteria. 
The elongated cells, which somewhat ie.semble those of an Oulium, 



Kio. 27. Sa» <-lmtuinyct‘H apioiliittis (Ufoifrn). 



when about to divide, form a partition-wall at right angb^ 
the long axis of the cell ; the cell then breaks into two portions 
at this division-wall, and the Hcjuare ends thus left bccoine 
afterwards rounded (Fig. 28). To this genus belong the 
mccharf/tnyces poinbf^ i.solated from millet-beer which is produce! 
in Central Africa ; and the Schizo-saccharomyces ociosporus, so calle 
from its tendency to form eight spores in each cell. These yeas s 
appear to be able to ferment some of the dextrins, which tn 
cultivated yeasts are unable to do. 
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The Mycoderms.-— These organisms are very similar in appear- 
ance to the film-forming yeasts, but since they do not form spores, 
they are not true yeasts. They grow with enormous ra|)idity on 
the surface of wort or beer, provided tliey are su[)plied with the 
necessary amount of aii*, of which they require a considerable 
quantity, and there form wliite or greyish films, which often have 
a wrinkled appearance. AVhen growing on the surface of an alco- 
holic fluid, tiiey decompose tlie alcohol into carbon dioxide and 
water. When immersed in a .saccharine fluid, .some of them, such 
as the Mycodernui cerevisiiv^ are able to cause alcoholic fermenta- 
tion, .small amounts of alcohol (under i per cent.) being produced. 
As a rule, they appear to do no harm when growing on the sur- 
face of beer, though occasionally they cau.se turbidity. 

The Torulae. — These organisms were first described by Pasteur; 
they increase by budding after the manner of the Saccharo- 
viyreteSf which they much re.semble in shape ; their cells are, as 
a rule, nearly s[)herical. The Toruhv are generally very much 
smaller than yeast cells, though occasionally they attain tlie same 
.size. iN^one of tho.se described by Pasteur were able to induce 
the alcoholic f.ermentation ; but of the .seven varieties studied by 
Hansen, some secrete invertase, and .S(»me few^ of these, though 
not all of them, are able to ferment cane-sugar. 


THE HACTERI.\. 

The bacteria, which are ofbui termed “ micro-organisms ” or 
“microbes,’^ are a class of exceedingly minute organisms met with 
in the greatest abundance in nature. When an organic infusion 
of almost any kind, vegetable or animal, is left exposed to the air 
f'r a short time, it becomes invaded by hosts of these organisms. 
Ihey arc objects of considerable inq)ort to the brewer, for, as we 
shall see farther on, they are capable of causing liim an immense 
iiniount of damage in many ways. 

Ikacteria vary much in sh^ipe, and may be divided, according 

0 their form, into three principal clashes. To the first of these 
lelong those micro-organisms which in a perfect state of develoj)- 
iijent have the form of little spherules ; they are called CocH 

1 Jg. 29, a). Those of the second class have the shape of cylindrical 
lot 8, and are distinguished as BacUli (e). The third cla.ss have 
1 le form of a spiral, and are called ^Spirilla (/). The three 

likened in form, as Do Bary suggests, to a billiard- 
kno*\ a corkscrew. The bacteria are, so far a.s is 

for 'th ■ smallest organisms in nature, and require 

Bein ^amination the highest powers of the microscope. 

yeast cells, the two are readily dis- 
^ ^I’oni one another. 

J^cture. Bacterial organisms consist of a mass of proto- 
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plasm surrouiuled by a cell-wall of cellulose ; the outside of tins 
envelope is oated with a mucilaginous layer more or less swo leii 
by the absori)tion of watiu*. In conse(pience of this, tlie outline 
of these organisms, as seen under the microscoiie, never presents 
that sharply detined border that a yeast cell does, ^le proto- 
plasmic cuiitents of bacteria are, as a rule, colourless ; but to this 
there are exceptions. Some bacteria <!ontain starch (granuloso) 
and these are coloured blue on the application of a solution of 
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Fio. Ua« t* ilu 

/ \ c . i • 1},^ hinhwocci ' 00 iMTi ; (>/) Sard rue ; (r) llarllll (.M sp • ’ 

( 7 >' ib.p-ila with hV-O'h; Uurtoiia wlUi thiKdla; (0 //"•mi, 
StaphylocrH-d ; (fc) Stn-ptoroixi. 


inp, 'i'hr. preloplasn, of son.o 

sullihur, 1111(1 forric oxide i» duiiosilcd lu tlio itl 

' B«production by Fission.-- r.ii(:terial orKanisms, like >'^“"^'',1,^ 
0 Hoparato modes of reproduction. Hie first, fd- 

,re common mode, is by divi.sion, and this takes 1’ 
ving manner -.-When a l.actenum lias grown to i ei rt.u ^ 
ionstriction, situated at right angles U) tlio long •j '" ' .„„1 »t 

janism, appears in its middle ; tins gradually 1 ’ 
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last divides tlic microbe into two separate individuals. Even 
ill the micrococci a slight lengthening takes place before tlie organ- 
ism divides. Owing to this peculiar metliod of reproduction, 
hy splitting, as it were, the bacteria are collectively known as 
the ScMzoiiv/cetes or Fisxum Funrji. In the Bacilli and Spirilla 
division always takes place in a direction at right angles to the long 
<liameter of the organism. In some of the micrococci the splitting- 
up proceeds simultaneously in two directions, the plane of the 
second division being at right angles to that of tlie first; in this 
way one micrococcus is converUul into a group of four, arranged 
ill tlui form of a Sfpiare and called a Tet racoccuti or Pediocuccus 
(Fig. 29, c). In a few other species cell-division takes place .simul- 
taneously in three planes, all of which are at right angles to one 
another, and, as a con.senuence of tliis, small packets, each of which 
consists of eight microcc»cci, are jiroduced {d) ; these are known as 
the Sarcinm or pach t organisms. In many liacteiia which divide 
in the most usual way, that is, in a direction at right angles to 
their long axis, the two cells after division do notsejiarate at once, 
but remain attached to one another for longer or shorter periods. 
In this way cliains of bacteria are fornKul, (‘ach of which consists 
of at first two, then four, then eight individuals, and so on. AVhen 
large numbers hang together in this way, the cliain often has 
the ai)])earanco of a long thread or filament. When micrococci 
remain attached to one another after division, the chain has the 
appearance of a necklace ; such forms are called Streptococci (/r). 
Sometimes the tendency to adhere oidy extends to the pair first 
formed ; in this way we get the forms called Diplococci (/>). When 
the micrococci separate immediately after they have divided, and 
lie alongside one another haphazanl, they present the appearance 
cf a bunch of grai>es; such varieties ar<* entith'd Staph ulococci ( j). 
In describing the biicilli we oftmi s|>eak of the organisms as long 
or short, thick or thin bodied. Bacteria, especially when grown 
oil the surface of fluitls, often become united to a tough gelati- 
nous mass. In a.ssuming this state the exterior mucilaginous coat- 
nig.s of the organisms become considerably swollen ami linally fuse 
together, the bacteria being retained in a junlectly regular manner 
t iroughout the mass. This is known as the zoogieal state (/). 

Reproduction by Spores. — In addition to the method of re- 
production hy cell-division, bacteria, under certain comlitions, form 
^^5 9)- t)ne of the chief of these is the exhaustion of 
1 ^^^^itive materials of the medium in whicli the organisms 
^ia\e been growing; but other special conditions are also neces- 
and these vary considerably witli the ditlerent species, 
bac'ir^"-^*'- spores is almost entirely confined to tlie 

of ^ occasionally met with in tlie spirilhe, and some 

to are also said to possess it. When a bacillus begins 

portion of its protoplasmic contents assumes a 
^ appearance, and in this a cell-wall gradually forms, 

Q 
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which encloses ii })ortiou of the protoplasm ; this ^o’adually hea umes 
more and more homogeneous, ami eventually hnaiis the spore. 
The contents of tlie spores are of a highly refractive nature, and 
conse([Uently present a brilliant, glistening appearance when seen 
under the microsco[)e. The motile bacteria invariably becuinc 
motionless when about to sporulate. In some bacilli the spoiv 
forms in tlie middle of the protoplasm, tlie remainder of whidi is 
afterwards absorbed ; in c«>nse«juenee of tliis the organism l)eeoiii(‘s 
s[)indle-shaped. Jn other bacilli the spore forms at one extreiniiv, 
and when this is the case the organism aeipiiros tin; form of a (Iniin- 
stick. AVheii the spore has completely formeil, the remainder of tlir 
organism disintegrates and disaj)pears, leaving the spore isolated. 
It remains in this condition until chance places it in a suitalile 
nutritive medium, where, after a shorter or longer jxudod of ivsi, 
it germinates, reproduction being afterwards carried on in the 
oolinary manner by cell-division. Th<‘ membranes which 
tin? spores of bacterial organisms are of an exceedingly tough aiih 
resistant nature, and this enal»les the spores to withstaiiil tln' 
action of agents which would rapidly })rove fatal to the orgaiii>iii> 
when in their fully-developed state. Tyndall found that the 
spores tin? hay bacillus were capable if 

germinating after they had l>een boih'd for several hours in watn. 
As the sjiores of the ))ac;terial organisms are c?xtr(unely niinuli', 
they are di.ss(uninated and carried to considerable distances hv 
air-ciirnuits, hem e their universal pre.seJice in the almos)diere. 

Nutrition. - - As the vast majority of bacteria jxi.ssess nn cld "- 
naphyll, they are unable to derive their suj)j)ly of carbon fi'i'in 
the carl,)i>n dioxide* of tin? atnntsphere. Acconling to Niigeli, tlicv 
c:in a})propriate tin* carbon of almost all comjxaunds which ctailain 
this ele*ment, pr«jviding the<e are soluble in water and are net 
a'lltially poisonous. Some bacterial organisms met with in tin* 
.soil can ev»?n (djhiin their supply of carb«)n from carl)onate.'<. Hi'' 
bacteria are abb? to <h*rive. their supply <d nitrogen fnuu an cuci- 
mously large variety of sub.stam*es. One i»f the most suilahle "1 

these is a solution of a prot(?id, or, in those cases when‘ tk' 

organism does not secreP? a proteolytic en/.yim*, a solution th*' 
hydrolytic products of the [U’op'itl.s. Substances of this natun' 
may be re[»laced by amides such as a.sj)aragim‘, leucine, Ac., er 1'} 
ammonia ami its .salts, jiinl in most cases an inorganic salt ‘>f iiitn^ 
aci<l may take the place <)f ammonia. Some vari(?ties ot hai U'ii‘| 
found in the .soil are not only able to <leriv(? their own su 
nitrogen from the air, but also to haml over a certain (piaihib 

of it to certain crops, such as peas, beans, clover, vetclic>. • 

These plants form no<bd(?s on their roots in which th(‘.s(? nitiify*'*-' 
organisms congregate. Comsenuently a soil is richer in niLe*p‘|| 
after a crop of any of the.se, leguminous plants has been gro\'ii 
it than it was la? fore. . 

Respiration. — Many of tin? bact<?ria cannot carry on their vi * 
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functions witlioiit a supply of free oxygen, but with otliers a small 
aniount of this gas immediately im[)air.s their functions, and a 
larger quantity proves fatal to the organisms. The former are 
termed “aerobian,” the latter “anacrobian.” A thir<l (‘lass, called 
“facultative aerobians,” seem to occupy a middle position; they 
are able to functionate either with or without a supply of oxygen. 

Excretion. — It is certain that the substances formed l)y the 
breaking down of the ju'otojdasm of the bacterial oiganisins are 
excreted. Little is known as to the nature of these })roducts. 

Secretion. — Many of the bacteria are aide to s(‘crcte enzymes 
of various kinds, proteolytic, amylolytic, S:c. A number also 
secrete pigments of various colours, such as yellowq green, blue, 
orange, Ac. The Mlcrocorrii!^ for instance*, when grown 

on a starchy medium (sucli as a shea* of moi>t bread), secretes a 
l)lood-red pigment. 

Fermentation and Putrefaction. — 'I'he most remarkal)le pro- 
perty j)o.ssessed by bacterial organisms is the ])ower of inducing 
a number of profound chang(*s in the? media in which they 
grow. By virtue of this th(*y are able to <lecompos(' an amount 
of matter enormously in excess of that which they r(‘(piire for 
their own nutrition. This extraneous chemical work is called 
“fermentation” when it is unaccompanieil by an ollensive odour, 
and especially when the products yiehled are of a useful nature, 
as in the fermentation cau.sed l)y thl* Jiarteriiim .where 

alcohol is transformed into acetic acid. When, on the other 

hand, the change is accompanied by an olhmsive odour, the 

process is called “putrefaction,” and, as a ruh*, tliis takes place 
when the substratum is of an allniminous nature. In putre- 
faction a number of very malodorous compounds are usually 
ornied, and in the case of putrefying animal sulxstances, as i$ 
occasionally seen in tinned meats and tish, in cheese, A'c., bodi(*s 
cak'd “ptomaines” are produced, which are of an extremely 

poi.soiious nature. But the nature of the chemical changes whicli 
Mcteiia are able to elFect in the medium in which they llourish 
aic nearly as numerous as the »»rganisms thtunselvi's, and this is 
lU when wo consider that the essentials of plant 

J o, lat is, the protoplasm and cell-wall, are apparently identical 
have bacteria which transform sugar 
lei^ Ti others which transform lactic acid into butyric 

forn alcohol into acetic acid ; some eilect the traiis- 

ann/h auunonia |)re.sent in the soil into nitrites; while 

the carry this transformation a stage further, and convert 

kroken nitrate.s. AVhen organic substances have been 

the nrol'^T^ ^ certain stage by one cla.ss of micro-organisms, 
kv mior ^ • tkese are seized upon and further liroken down 
fke another class, and this ]iri>cceds until at last 

carbon d'^ entirely converted into ammonia, water, and 

^^n})|)lv substances which are again available h)r the food 

^ generation of plants. The micro-oriranisms are. 
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in fact, nature’s scavengers, for, as Saclis observes, “ If there Avert; 
no fungi, i\w enlire surface of tlie earth would Ite covered with 
dtuise layers of the bodies of phints and animals which had 
accumulat(‘d f<»r thousands of years.” If sucli layers had lietii 
perniittetl to form, tliey Avould long since have locked up in 
themsehacs tin* eltonents necessary for the building uj) of new 
})lants and animals, and life, ages siina*, woidd have become an 
impossibility. Were micro-organisms suddenly annihilated, the 
return to tin; atmosphere and to the mineral kingdom of all 
that Iras (-(‘asetl to livt; woidd be totally susjiended. It is hv 
means of this peculiar power of (‘tlecting tin* decomposition of 
masses of matt«‘r enormously in excess of their own nutrilivt' 
requirements, whieh micro-organisms an; endoAved Avith, that ilicv 
are abb; to perform this abstrlutely in;cessary and indispensahlr 
AVork in the economy of nature. If they only appropriab'd tin 
(|uantity of matter ne(‘ess:rry for their oAvn nutriti(jn, the result 
AVoiild simply be an immens** aecumulaliitn of the dead iHidies 
of these organisms. 

Bacteria are omnipresent, and have, the unfortunate habit cf 
intruding into places in the lu-ewery Avhere their i)res(*nee is highly 
undesirable. They an; invariably present on the surface of Innhy 
and malt, the former of Avhieh, Avhen in a moist condition, fnriiis 
an excellent breeding-ground for bacterial and other organisms. 
They also invade the Avort ami the tini.sheil beer. As the cliaiigcs 
Avliicli baelmda luing about are ofbm of an extnunely prejudicial 
nature, one of the brewer’s prineipid eares is to kee]) the.se invaders 
away from his mat<Tials as far as ]>ossible, and to hold these 
organism.M in subjection Avbich unavoidably do gain accr'ss to tlicin 
All accumulations of moist organic mati'rials, sncli a.s dani]> m;ihi 
sjiillcil yeast, moist grains, form excellent luTeding-grouiuls fci 
baet»*iia. Smdi masses of matt<;r afterAVards becoim; dry and ,!^ct 
nioia; or les.H prdverised. In this slate they are liable to Ik* caiiioi 
away by eurr(‘nt-s of air ami di.s.seminated in all ]>arts of the hnovd'V) 
earrying Avith them the dried organisms, whieli often heconu; de- 
po.sited in ]da« es Avhere they may cause considerable mischid 
Gleanline.ss is one of the ])rewer’H most jioAverful aids in kcipii'n 
down Iht'.se ohjeetionahh; intrtnh;rs. Lik(; y(;a.st, bacteria |)rcseru 
their vitality for «;onsiderahle j>eriods Avhen sloAvly dried, aii'h ' 
account of tlieir exceedingly minute size, they an; es]>ei'ially hiu'i^- 
to become suspemled in the air and Avafted about by air curri at"-^ 

Locomotion.- -Many bacterial organisms posses.s the 1"*''’^’'' '. 
locomotion, hut tins is almo.4 exelu.sively erm lined to the 
and spirilla, only one. motile mimoeocauis, the (f: ' ’ 

being knoAvn. 'Die Tm)tion is brought about by one or more j I 

like fdfunents called “ilagelln,” Avhich are generally attar.hcd tc 

ends, inor<; rarely to the whah*. surface of the orgmnism (h>n; 

Under the ordinary conditions of mieroseopie . p 

llagella cannot be seen. Thf‘y can, lioAvever, lx; rendered vij'i ■ ^ • 
2)articular methods of staining. Tliey jiropel the hacterin aloi'n 
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their rapid undulating movements, and in some of these organisms 
the rate of motion is so great as to cause considerable inconve- 
nience to the observer wlien examining them in tlie living state ; 
one is no sooner got fairly into the field of the microscope than it 
rushes out of sight. 


THE PRINCIPAL RACTERIA MKT WITH IN RREWIXG 
OPERATIONS. 


Fortunately for the brewer, of the large number of bacteria 
known, but few are [ibh‘ to liv(‘ in ho|ipe(l wort, and many of 
those which can are unable to surviv(‘ th(‘ fermentation Avith yeast 
Avhich the wort is subj(;cted to in the |)ro<lueti(»n of beer ; a few of 
the latter are able to (exist in beer if th(‘y are added to it after it has 
passed through the [)rimary fermentation. The reason for this is 
that yeast, when in an active state of fermentation, ]iossesses the 
peculiar power of prot(‘cting itself against the attacks of bacterial 
organisms, and so much is this the c:ise, that at the (unl of the 
primary fermentation very few living organisms 1)eyond the yeast 
itself are to be found in the b(‘er. The case is, however, exactly 
the reverse when the yeast is in a lasting condition, such as it is iii 
Avhen stored for subs«M|uent use. Those organisms, the attacks of 
Avhich the yeast was so well able b* resist wlu'ii in the active 
state, now obtain the mastery ; they exercise their fermentative 
actions up(An it and S(;t it into a slab' of dectunposition. Those* 
bacteria which are able to survive the fermentation apjtear to havi* 
little or no action n[)on yrmst when in the resting stage. Of 
the ])acteria met with in wort and lu'er, some are aid’obic, others 
anai'robic. Iho latter are the mon* dangerous class, since the 
conditions of rigorous exclusicm of air under which beer is kept 
aie without influence on them. 


/SgC- 


Bacteria which can Exist in Wort, but cannot Sur- 
vive the Primary Fermentation.— Many nf iIk sc to wliicli 

ansen gave the generic name «»f “wort 
Jacteria, are only able t<_> thrive in un- 
^opped wort. The bactericidal action 
I'ossossed by sonio of tlie oonstituonls of 
w hop, iiotalily tlio soft resins, com- 
p etely arrests the growth ami ilovolop- 
ment of many micro-organisms. 

Bacterium termo.— Umler tliis dosig- 
w ion a number of organisms (Fig, 290) 
y similar in appearance, wliich invari- 
Vp/fTi’’®'*' ''‘great abimdanco in any 
exnosp i infusion that is left 

are all ^ short time, have been confused. They 

‘lescrihp^^vT^ T • ^ number of these have been examined and 

^ under the following names : — 


Kuj. ,2yfr.— Haoterium termo. 

Tile pair seen in the lower 
part of tlm fi,«:nre aiv 
mure highly majinihea 
ami staineii, $o as to 
show the tlagella. 


^ ^^hoikopUche BetricUlcontroUe 


iiahrungifgeu'crhcny p. 243. 
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Tei'inolmctcrhini lutcsrens. — It had the form of sliort rods 
about i/x in breadth, pointed at the ends and sliglitly contracted 
in tlie middle. Under certain culture conditions it developed 
involution forms, which consisted of indented chains or of long 
hlaments. 

On iiieat-hroth gelatin plates, the colonies had at first sharp, 
W(‘ll-delined 1>orders, hut afterwanls thr<5\v off radiating lim1»s. 
The gelatin was liquefied in fiv(‘ or six days, tlui culture ludiig 
kept at the ordinary temperature. They grew rai)idly in wort at a 
temj)erature of 15” C. (59' F.), and caused it to become turbid in 
twenty-four hours ; a film then formed on the surface of the fluiil 
at its margins, and a ]»ronounced odour of cehuy was develo]i('d. 
In four weeks the. pellicle had incrtNisetl to a thick, yidlow film, 
the Wort was then elear, but a considerable glutinous d('})osil ef 
a «lirty brownish-yellow C(dour had formed. In be(‘r whicdi Innl 
been infecte*! witli a vigonuis cidtur<^ of this bacterium, and wliidi 
had been preserved in a W(dl-corke<l bottle for two and a half 
months at a Itunperature of 50" F., sonn* of the »>rganisin.s wciv 
found alive, and this shows that, when added to b<*er after fer- 
mentation. they are able tu survive. When, howcjvcu’, they waac 
added to wort previous to ferimuitation, all were found to have 
p<‘rished at its termination. A few of the bactruda added to 
pre.ssed yeast caused it t<» [)Utrefy in a few days. 

T> rinof'iV't^rinn) Tin's bacterium clos(dy rosenihlol 

T. in appearance, im)tility, and th(‘ j)ow(‘r of causing 

turbidity in wort and in devidoping an o<lour of cedery. It vas 
s[)ecially (diaracteriscMl by being abb; to form lactic; acid in hopp'd 
wort and Ijcer. Old cultures ou wort and gelatin had a Inowiiish 
colour, surrounded hy a zone of similarly colourc'd gelatin ; Iiciio' 
the name of the l)acteriuni. 

Ti'riiu)h'fr((‘riniit //7V^,svv7^s — Tin's hacterium, when eultivatol 
in wort, caused turhidity and a celery-like odour; hydrogen was also 
evolved in small huhhles. Uidike its congeners, it Wiis iiiuiiotik- 
tdn meat-hroth gelatin it fonuecl colonic^.s whicdi liad a hluish, 
iridescent colour, somewhat in apjiearam’c like fish-scah's. It 'h'‘ 
not grow nearly so vigorously on wort gelatin. 

Tfn'niohartoriuin. rr/flfir/niun. — Gn*w luxuriantly in v’orl, 
w’hicli itcpnckly formed ;i reddish film. In sha))c itresemhlcd 1 
7 \ iridpsrm.H^ the; cells being gcuierally grou})ed in pairs, 
rarely in fours. It did not grow readily on incai-hroth g'dal’i'i 
but fiXcecMlingly well oji wort gelatin, wln’cli it liquefied in a slioi 
time. When growing in wort or glucose, solution, a sligld 
tion of gas w.as (observed . 

The Butyric Acid Ferments. — The.so ro(bsliai)ed orgauisijiy 
(Fig. 30) were first studied by ]*razmow.ski, wbo, 
supposition that tliey were, of one, species, termed tluun ^ 
iridium hidj/riruriL They readily form spores. From 
recent ob.se rvatioii.s of Bcyerink,^ thorn am several specs- 
^ Koch’s Jahrt$l>cricht, 1893, p. 258. 
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butyric acid ferments, of whicli lie describes several under tlie 
designations Gm^iulohacUrhim hutifricum, G. saccharo-huti/rumm, 
G. lacto-buti/ricuni, G. polymyxa. They 
are all facultative^ anaerobic organisms, 
and, when grown under exclusion of 
air, become either partially or com- 
pletely filled with granulos(i ; hence their 
name. AVlien in this condition they are 
coloured blue by iodine. An (‘xceedingly 
unpleasant rancid odour is <lev(‘loped in 
fiuids in which they are present. As they 
are very sensitive to tin*, bactericidal action 
of the hops, and rerpiire a somewhat high 

temperature for their <leveh>pment (about 122" F.), they are but 
rarely met with in brewing op<*rations. 

JSctcilhis ^’?-.svvAso/s, No. I and No. 2. — I nder these names 
Van Laer has descriVied ^ two species of rod-shajied organisms 
which are able to induce what is termed “ropiness'' - in w'cu’t and 
beer. They resemble one another closely in appearance, and, 
when grown on meat -broth gelatin, form brownish - coloured 
colonics with well-defined borders. They do not liquefy the 
gelatin. No. i, when introduced int<i sterilised beer wort, in- 
<luces viscidity in twenty-four hours, and in forty-eight hours 
the wort is converted into a viscid mass as coherent as white of 
egg, carbon dioxide being meanwhile evolved. The surface of 
the wort becomes studded with ].ale -yc'llow, glutinous, branched 
patches. In cultivations of No. 2 this last appearance is absent, 
and there is le.ss evolution of gas. In closetl bottles the first 
variety forms mucilaginous mass(‘s, in which the rods sporulate ; 

le second vmriety does m>t behava* in this manner. The ropy 
wauiiUon is not induced in worts at temperatures below 44“ F. ; the 
ac ion proceeds most ranidlv at qU, and is arn'sted at 107“ F. 

Able to Survive the Alcoholic 

:tic Bacteria. — These, of which there 
s, are anaerobic rod-shaped organisms, 
in ap])earanco, and are often found in 
Ihey were first descrilxHl by Pasteur, 
ially studied by Van Laer, who named 
It is able to grow botli in wort 

same Wme, renders turbid, then acid, and at the 

This hnpf ?^^^^'nicates an unpleasant odour and fiavoiir to it. 

1 y . ^ torments some of the maltose and dextrin of the 

’ *^ 9^1 p. II. 

afterwards condition, it at first bewmes turbid, and 

another, hater it resembles oil when poured from one vessel t<> 

^^^ntaining it 1 ** viscidity increases to such a degree that the vesst l 

’’itroducing anH . inverted without the beer running out. (hi 

attached to the ^ ^'ving a rod, the portion of beer which remains 
the rod 18 drawn out into a long string. 


uacteria w^hich 
Fermentation.— Tbi 

appear to lie several s 
ni'ich resembling B. su 
wer which has turned 
no of these has been 
'<■ ^<i'-''hnn>hacil/,is Pat 

nn<l beer, the latter it. 
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wort, vieUliiiL' lactic, formic, aii<l ac<;tic acids, toootlicr witli ethyl 
alcohol ami some of its higher homologues. Another probalily 
ilitTerent species has heen isolateil hy Limlner from (lerman white 
heer, ami another hy llay.hiek from distillery mashes. 1 he de- 
velopment of the lactic ferments is either partially or completeli 
arrested by the bactericidal action of the soft resins o the ho,, ; 
consequently they are mo.st likely to a,,,, ear in lightly hopped 

The Acetic Bacteria. — These organisms, which occasionally 
make their appearance in beer, are not nearly so semsitive to the 



antiseptic inlliience of the hop as the ladic ferments. lli''"’ 
presence may be recognised by the vinegardike odour whicli dif,' 
communicate to the beer. Being highly aerobian orgaimiid 
they cannot devidop to any extmit without a liberal supply ot an. 
The acetic fermi'iits have been very thoroughly iiivestiga n ') 

llanspii,' wIk) was alile to isfiiau 
throe varif'ties, Avhicli he 
tively nanusl liarfrrnn>> 

H, P<(ntori<niiim^ and A'd '"’ 
(lianum (Fi^^s. 31, 32, ’ 

AVhon cultivated in heer, at a triu- 

jicratun; of 34 (9.> \ 

all form ])ellicles on its surlac, 
whicli diller markedly in ai'l'*'*^ 
anc(\ Heers infeeded witli a’l' 
of the three hactcria remain 
at the cultivation tom[M*r.itni c ; also, in the cas(^ of 
former, after tin; beers have heen coohul down to the ‘ -j 
tern pe ratlin;, those infected with the last hacteriuni hecoino . 
on cooling. All throe hacleria assume very varied in^o 
forms, the sliapes being iidluenceil to a great exten 

» Compt. JlrniL htK (Mrhhrrrj, 189.^, p. 1S2. 
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temperature at which the bacteria are grown, as may be seen 
from the accompanying figures. When portions of the several 
films are placed under the microscope and treated wiih iodine 
solution, the jelly-like substance in which the B. aadi are iin- 
b(‘.ddcd is simply stained yellow ; that of the other two is coloured 
blue. Zeidler ^ has described two acetic bacteria which he dis- 
tinguishes as B. acati atbumomin and B. aceti friahile. The 
former is probaldy identical with Hansen’s B. ((cefi, hut the second 
does not seem to resemble any of Hansen’s varieties. Both are 
coloured yellow by iodine. The former lias a strong tendency to 
liroduce involution forms, tliough the latter yields them much less 
readily. Both forms, when cultivated in hopped wort, form pel- 
liides, that of the former being firm, tough, mucilaginous, coherent, 
and not easily broken to ]>i(‘ces on shaking the v(‘S.sel ; that of the 
latter is of a white, loose, flocculent nature, readily breaking to 
pieces on the slightest movement. AVhen />'. areti nJhinnosinn is 
added to wort, either previous to or during fermentation, or to 
finished beer, it causes at first turbidity ; after the beer lias becui 
kept for some time it b(*comes acid, and assumes a viscid condi- 
tion, much deposit of a tough mucilaginous nature being formed. 
Similarly, fluids infected with B. (O'eti friahile exhibit turbidity, 
but not to such a marked extent; less acid is formed, and there is 
an entire absence of viscidity. 

The Sarcinae. — This name was first applied hy Hansen to a 
number of organisms met with in brewing opmations. They have 
been investigated by Lindner, who divide'd tlnun into three classes. 
The first of these, grow' liv division in two planes, and are termed 
Bediocor.ei ; four varieties are described, P, cererisiiv, P. arifli 
ladici, P. allnis^ and P, rirro-<Hr. Tlie sec<md class includes the 
Sarcina Candida^ B. rosea, and auraidiaea, which usually 
increase in a similar manner, but when grown under certain 
conditions increase by division in three jdanes. The last class, 
which form the true Sareuur, invariably grow by the last method 
of division. Three varieties of iliese are described, Sareiua tfara, 
S. lutea, and S. wa.rittui. Film-formation has been (diserved with 
P. cerevisia’ and S. auraniiaca ; and all, with the exception of .S. 
n>a.n?«a (which lias not been stiulied), produce lactic, acid, P. aridi 
ladu'i being the mo.st energetic in this respect. P. riseosns pro- 
uuces at times ropiness in beer. Another variety, P. sareifur- 
Jopinsj has been dcscribeil liy Richard,- w hich closely resembles 
• ^erevtsim in appearance. It ]>roduces lactic acid in consider- 
^ de quantity, and also small (piantities of alcohol ; it may also 
cause the beer to become turbid ami to actpiire an unplea{?ant 
^avour. This, the P. ernwmiVy and P. riseosus are regarded by 
andner as the dangerous species; and it is asserted by Lnschc 
JfavUy S, aurantiaca, and S. alba have caused trouble in 
iiierican breweries. Tire former three varieties, wdien cultivated 
ITocA,./. Brau.y 1890, p. 1213. '■* ZdL f. Brau., 1S94, p. 257. 
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on meat-broth gelatin, form colourless colonies, which grow verv 
slowly, and do not liquefy the gelatin. The other varieties either 
grow much more luxuriantly or form coloured colonies. The 
sarcina? are motile organisms, though it is not known with al)- 
solute certainty whether they ]»ossess llag(dla or not; from the 
lively movements of some of them, it is extremely probable tli;it 
they do. 

THE MOl LI) FUXHI. 


A moist organic sul)stance of almost any kind, such as bread, 
1 m libel potato, jam, fruit, damp grains, damp barley, Ac., when 
(‘xposed to the air for a time, becom«‘S covered, sooner or Liter, ly 
the tlutly silky coating, ofUui of various colours, which is familiarly 
known as “mould.” Siich layers consi.st, in rcidity, of a number 
of microscopical jilants, whi<‘h arc* of an exceeilingly simple struc- 
ture, and wliich, a.s they «lo not contain chloropliyll, are includcil 
amongst thc^ fungi. 

MUCOP mucedo. — This mould makes its appearance on many 
moist organic sid ►stanc«cs when tlu*y are h‘ft exposed to tin' aii'. 
It is, howevi'r, most r<*adily obtaiinal by phudnga few balls of fresii 
horse-manure on a sheet of wid blotting-paper under a bell-jar, 
and keeping the whole in a warm )»lace for a few days. Tie’ 
surface of each ball will tln*n usiially lx* found to l>e covered with 
a luxuriant vegetation, consisting of long delicate silky lilaiin'iits 
(Fig. "54, ((, a), each of which einls in a rounded head that gives it 
the appearance of ;i pin. The VmmIv of the plant consists of a 
number of bran<*ln*d tilam<*nts (A, />, //, A), or “hypln'e,’’ as they are 
called. Some of theso ramifv into the sul>stratum on whi(*h the 


f»ingus grow.s, and the mass .so formed is termed a “ mycelimn.” 
'I’ln* myceliaof contiguous plants interlace with each other and ham 
a fedtod mass. The wludo of the plant, noUvithstanding its eem- 
]»lex contiguration, consists, until the ])erir)d of sjMU-e formation, <'f 
a single c«dl, formed externally by a thin, mmdi-bramdied tube* of 
elastic, transparent, and <‘olourle.ss j'ellulo.se. The inside, of this 
tube* is mon* or le.ss ••ompletelv tilh'd with protoplasm pernu'atcd 
by the c(‘ll-juice*, and this latter, collecting at various points, foriir^ 
vacaioles. 

Growth. — The appearance of the spores and of their growth 
during germination can be best sttidied in a hanging-drop culture. 
P'or this purpo.se one of the ri[M* litth* round luaids (Fig. 
called “ sporangia,’' is detacbe«l from tlie ])lant with a platimiiu 
wire and immersed in a little sterilised water contained in a watcli 
glas.s. and if the sporangium does not ru])ture spontaneously, it 1^ 
crushed with the w'ire. A small (|uantity of sterilised v’ort i> 
then added to the contenhs of the watch-giass, the wliole coven' 


up, and .allowed to remain at re.st for half-an-hour, after 
the fluid is vigorously stirred up, so ns to distribute the spon^ 
evenly. P^rom this one or more hanging-drop culture.s are rna' > 
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taking care that each droj) does not contain more than one or 
two spores. The culture is then placed under the microscope, 
and its progress watched from hour to hour. By the time the 
preparation has been completed, each spore will have sAvolleii 
to about ten times its original size, become circular, and, as the 
result of active endosmosis, develo{)ed a large vacuole. In the 
course of a very few hours it will j)ush out one or more buds, 


a 



Fig. 34.— Muror imiccdo (a/ttr trml Ktiit), 

^yplw; l>, h. lamirhed hyphiv Onyroliuni) ; c. siniranplum ; (/. 
lumella; e. spores col uiiiflla ; a. cell-fusion; h. ruptured 7.ygo.siH)re ; 

.y- iornmtH)ii of sinmingiuin. 

J|hich padually increa.se in length and become hypha\ As the 
absorbs more nutritive material than is required to sii]q)ly 
an^ neces.sary for the ]>erformance of its vital functions, 

is siibstnnce takes jdacc in its interior, and space 

afterw' a hypliH increasing in length, and 
<^uin£r throwing out side-branches. AVhen the length- 

g process has proceeded for some time, the cellulose at some 
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point on the siilo. of the tnhe becomes softene<l, and is pushed out 
hy the protoplasm. In this way a hud appears, wliich gradually 
enlarges to form a hyphal branch. This growth and subdivision 
of the hyplup goes on until the many-hraiiched mycelium is 
formed. In old plants tliere is a teiideiuiy for the hypha? (o 
lieconie divided into distinct cadis hy th(‘ formation of })artition- 
walls, as is the normal course with many otlier moidd fungi. As 
tlie liy]>hm grow tlie protoplasm seendes new layt'rs of cidlulose, 
so that the c(dl-wall is kept intact and of about tlie same thickness. 

Sporulation. — When the })lant lias attained a certain age it 
puts forth, at various points, upright hypluT, .somewhat thicker 
than those that form the body of the plant. Ihese are callul 
the “aid'ial hypluT” {I''*g"- 34, their function is to kear 

the or;.^ans of fruetitieation. When (andi of them has attained 
a certidn length it cea.'«:es to grow, and its u{)i»er end lieeoiiies 
swollen into a small knob, the “sporangium,” on which minute 
<lrops of water often apjicar.’ A |'artition now c(>mmences to fonii 
at the junction of this knol) with tlu^ stem, the end of whidi 
assumes the form of a little knob situated within the larger (d). 
A portion of protoplasm is in this way cut oil' from the rest of the 
})lant, which, notwithstanding its eomplicateil lignre, had u]» to 
this time consisted of a single coll. Tin* exterior of the s|)orangimii 
becomes covered over with minute spicules of calcium oxalate, 
which give it a rough appearance. Tin* protojda.sm in the sjier- 
angiuni now h(*comes marked out into a number of oval masses, 
which, though clo.si* together, do not actually touch. Ihese 
eventually h('(;ome invested with a cellulo.se membrane, and gradu- 
ally d(*velop into perfect spores (c). d'ln^ reimiinder of the pro- 
toidasm which is not u.sed in forming the spores is then trans- 
formed into a gelatinous .substance which has a ])owerful attraetieii 
for water. The .s|>orangium, which in its early stages is of a pale 
colour, gradually, as it ripens, turns lirst l)r<»wn, then Idack, dsoiitei’ 
wall at the .saiin; time h<*coming very thin and hritth*. When tlie 
sporangium is ri|K*, the contaiin*d gi'latinoiis suhstance absorbs 
moisture, swidls u)», and the cell-wall smhleidy hursts, causing 
miniature ex])h»sion. Tliis scatters the spores in all dir(*etion>, 
and they may then lie carried hy currents of air to considerable 
distances, d’he interior knob, or “columella” (Mg. 34, 
calle<l, remains for .some time attached to tluj end of the aei’ia 
hypha, often with a portion of the covering of the .sporanghnij 
attached, which forms a little collar round its liase. The deta<‘ u'* 
8por(!S nf)W travel until chance brings them in contact witn j 
medium favourable for their nutrition, wh(*n tliey germinate am 
form new plants. ^ 

Sexual Reproduction. — Tlie. mucor.s are the lowest incin 
of the vegetable kingdom which exhibit a method of reproduc luu 

^ Thi« is not condeUMed on the caitHide of the plant, but actually 
through the cell-wall by the osmotic pressure inside. 
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which is universal in the higher forms of plant lihi. In this form 
two cells are always concerned, one representing the niahj element, 
the other the female ; hence the process is called “ sexual.” The 
mucor, so long as it grows on the surface of a Ihiid and has a 
j)lentiful supply of nourishment at its command, only r(!})roduces 
itself in the asexual manner just described; but when it grows on 
a solid substratum, as is almost invariably the case in its natural 
state, it then occasir)nally rei)roduces itself in an entirely different 
manner. When this is about to take jdace, two short ciub-sha])ed 
l)ranches grow out from contiguous byplue ; these become filled 
with protoplasm, and gradually approach one another until their 
e:ctrcmities touch. A cell-wall, which cuts off a i)ortion of pro- 
toplasm from that of the branch, is now developed in the end of 
each of these short branches. Those portions of the cell- walls 
that are in contact then dissolve, and tlie contents of the two 
cells fuse together (Fig, 34, ;/), after which they grow into an 
enlarged c(!ll called a “zygospore this, as it ripens, turns black, 
and its exterior becomes covered with warty excrescences. The 
zygospore is then detached from the rest of the plant, and when 
placed in a suitable medium, after the lapse of a period of six 
or eight weeks ^ commences to germinatic On gmanination the 
cell-wall of the zy<gospore (Fig. 34, h) ruptures, ami an unVu’anched 
hypha grows out Irom it ; this smids up an upright stem into the 
air, at the e.xtremity of which a sporangium is formed (Fig. 34, /), 
the spores of whi(*h when ripe escaj)e, and re})roduce the plant 
in the asexual manner. 

Nutrition.— -Tb(‘ tissues of tlie mucors and of the other mould 
hmgi, when analysed, are lound to consist of the elements carbon, 
o.xygeii, hydrogen, nitrogen, suli»hur, and i)hos|)horus, together with 
miimte quantities of j)ota.ssium, magnesium, and calcium. In order 
that the plants may carry on their vital functions perfectly, these 
elements must be supplical them in the form of such chemical 
compounds as they can assimilate. As the mucors possess no 
c dorophyll, carbon must be presented to tliem in the form of 
‘SUgai or Some analogous carbohydrate. ; hence tlu'v are dejiendent 
on chlorophyll-bearing plants for their carbonaceous diet. N itrogen 
niay be supplied to them in many forms, such, for instance, as 
potassium nitrate, or an ammonium salt sucli as ammonium 

peculiar character of not being able to gv*nninate until after the 
ofti'i ^ ^hne has led to the employment of the term “ resting spore.s,-’ 

natur*^ ^ spores of the bacteria. It seems to be a provision of 

aff. plant over a period of scarcity of food, for resting spores 

histaiie^ f ’ formed when the supply of fooil runs short. Analogous 
fuberg fl, ^ periotl are found in the higlier plants ; for instance, the 

''■'nnain^i t bulbs of the onion, hyacinth, ami many other plants, 

siLuis of Pf ‘'I ^^^i'^scent during the winter months, and only begin to show 
^'»uier wh'^i ^ spring, though the conditions as to warmth, moistiire, &c., 
the two have materially differed during 
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tiirtmte ; but they can assimilate amides, pei)tones, and oven crudi^ 
i)roteids! The sulphur, phosphorus, and mineral bases arc best 
supplied in the form of the phosphates and sulphates of the metals 
potassium, ma^mesium, and calcium. The following forms an 
excellent medium for their cultivation ; 

(J rani I nos. 


Cane-sugar ..•••• *5-^^ 

Auunonium nitrate . - • • 

Pota'^siuin ])hnsphate . . - • 

Calcium phosphate .... 0.05 

^Ia'''nesium sulphate .... e.25 

Water 


If it is attem[)ted to grow a mould fungus in ;i .solution Irom which 
any one of the eleirn'iits forming cnmi)ounds is withheld, thougli it 
may cmitain all the rest, the plant .sooner or later pines and dies. 



Kiu, {5. - Oi'ininin of Minor. 


Respiration.— Tin- mould fungi resjiire freely, hiking m oxy,^' ’' 
and giving out carbon dioxide. ; eon.seiiueiitly, unle.ss lilterally -'ll'' 

plied with air, lln;y .soon iMuish. . 

Mucor racemosus. Tins fungus is distinguished 
Miicfido l)y its mmdi smaller size, hy tin; upright y' 1,1 

arc .short ami bear iiiou.se-grey sporangia) being 1 

])y tin; columella, wbic.li i.s round or pear-shaped. '1 he 
covering of the. sporangium is tough and nisistant, and i- 
soluhh; in water. As regards resiiiratioii, nutrition, ami I'T . 
diiclion it resenihles Mnrj’tlo. It has, however, ti thin m' 
of reproduction whiidi, .so far, has not been ohser\c( m , 
tlie other memhers of the. family; this is hy .,,,,11 

o(uniiue. When this proce.ss is iihout to take place, the pn> <’l 
m .some of the liypha- of tim mycodium collects at certain pyi> 
the tube ; transverse walls then form, which divide these 1 ^ 
from the rest of tlic contents of tlie tulie and convert .^^4 
distinct cells, in the interior of which fatty substances arc ilci • 
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The cell-walls then tliicken consiilerahly, the iiit(;rnietliate portions 
of the hyph® decay, and the geinin® become detached ; eacli of 
these under favourable circumstances can d(;velop into a new [)lant. 
Hut the most curious fact with regard to these gemnue is tlieir 
power of setting up alcoholic fermentation when tliey aie com- 
pelled to grow under the mrfare of a saccharine Iluid. ANdien 
cultivated under these conditions they throw out buds of a spheri- 
cal or oval shape, which often hang together for a time in strings 
or clusters (Fig. 35). In this foini they bear such a strung re- 
seiiiblance to yeast that they have been called “mucur yeast,” and 
this reseml)lance has often hal observers to erroneously conclude 
that they had been aide to transform the mucors into yeast. 

Other Mucors.— In addition to these two, several other 
members of the family are of fre([uent occurrence. The Muror 
stoloniferuSj so called from the stolons or runners which it throws 



Fig. 36.— Mucor drciiivlloitli's /* Vu/i TU jhfui ami (un/o/i). 


out, something after the fashion of the strawberry plant; these 
hcnd down towards the substratum on which the plant is growing, 
luid when they touch it take root again, as it were, and form new 
plants. Several aerial hyph® arise at one point in the substratum, 
each bearing a black sporangium. The columella has the shape 
uf half a sphere. In Muror rirriurl/oider (Fig. 36) a remarkable 
Juiuchingof the aerial hyj)lue takes jdace, and the small Itrancblets 
winch bear the sporangia become considerably curved during de- 
yelopmeut; hence the name of the plant. Like rarruuisur, it 
orms geiiim®. Muror rpiuosus has chocolate-brown sporangia, 
the upper portion of its columella is studded with point etl 
excrescences. Muror erect as resembles Muror rareuiosus very 
Smd? spinosns^ .spicules on the top of its 


tin Fermentation,— As has been incidentally men- 

alc^l^ of the Mucor family have the property of exciting 

ic foriuentation. The Muror mucedo does not form gemm®, 
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but its inyceliiuu when subinerj^ed iii Avort is able to oxcita a 
feeble alcoholic fermentation, yielding, according to Hansen, in 
two inontlis and three-quarters i jxu* cent, by voliimo of alcohol, 
and in six months 3 per cent. The })Ower of causing fermenta- 
tion, however, seems to be greater in those mucors which fonn 
gomime ; thus Muror enrfnfi, when grown in the submergeil condi 
lion, yields, in a wort of a sjau-ifit; gravity of from 1056 to i860, 
as much as 8 per cent, of alcohol by volume ; it can also f(?niii‘iit 
a solution of dextrin. The fungus .secreti's an enzyme which is 
capalile of hytlrolysing starch. Mneor spi’/CAS/zx, umler siiiiilar 
circumstaiK'cs, yields 5.5 per cent, by volume of alcohol; ran- 
nujf<us, 7 t)cr cent. This last secretes an enzyme capable of invert- 
ing cane-sugar, and is the '»nly meml>er of the family which eaii 
fi'rnieiit this sugar. Muntr though umible to fo- 

ment cane sugar, ra[iidly attacks this sugar after inversion. 


SIMPLE MULTICELLULAR ORGANISMS. 


Petlicillium glaucum. —This mould is of almost universal 
occurrence ; it is met with i:>n jam, (‘hecse, bread, (hM-aying fruit. 
Ac. In the. malt-house it fretpnuitly makes its appearance on the 
barley when on the IhMU*, ami is especially prone to attack daiiiiig'l 
corns. In warm weather it grows wutli enormous rapidity. In 
the brewery it is often found on the walls and ceiling of ib- 
various rooms, on lh<* sides of vats, tin* outsiile of casks, also uii 
the insides of sm'h as an* left open to the air, and in any otlui' 
place where nia.sses of damp organie matter, sucli as portions "f 
spilled grains, yea.'it, Ae., collect. Its grccn-hlue C(.)lour is dii'* to 
tl)e myriads of spores, which form with the most exlraordiruuy 
rapidity. 

Growth. — If a little of thi.s groenish-hlue powder is taken up 
<m the end of a platinum wire, stirred into a drop (d’ wort aiiLi 
hanging-drop eultun; made from this, the spores may he examin'd 
and the .sub.sequent de*volopment of the i)lant studied undci’ tlio 
miero.scope. Tlui spores (Fig. 37, a) an; minute sjdierical hodit", 
about 2,5 inieroinillim(dres in diameter, Avhieh when seen sinw 
arc colon rle.s.s ; it is only Avlnui viewed in maH.s tliat tliey cxlii '■ 
their peculiiir colour. Each spore (Mmsists (Fig. 37, (t) 
cell-wall filled with protojdasm, whicdi, Avhe.ii the spore nonir'' 
contact with water, ra[>idly ahsorlw moisture, the spon; sw .li"r 
out to about three tinnes its original hulk. It then commence.- 
germinate ; little; proj(;ction.s make their fip])earance at one cr n“'j‘ 
j>oints (Kig. 37, If) in tlie cell-wall, and these gradually 
liypha; (l‘’ig. 37, c), wliich do not extend to any great Icnglh 
transverse partition.s mak<; their aj>pearanee. These divnic 
hyplia3 into a number of distinct cells, and in this >vay 
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the plant into a multicellular organism (d). Many of the hyphse, 
after having l^ecorae divided into segments in this way, throw 
out a side-bud, which is generally situated immediately behind a 
partition- wall. These buds increase in size and become hyphae, 
which extend in length, and then form branches in a similar 
manner. The tips of many of the short branches meet and fuse 
together, and in this way a true network is formed ; these frequent 
branchings and fusions lead at last to the formation of a dense, 
complicated, felted mycelium. The mycelia of contiguous plants 
closely interlace, and often form a mass of considerable size on 
the surface of the fluid on which the fungus grows, of a nature 
so tough and coherent that its removal from the flask or bottle 
in which it luvs grown is often a matter of considerable ditli- 
culty. The plant throws up erect filaments, or aerial hyplut, 
which bear the simres. When each of these has attained ii 
certain length it ceases to grow, and the cell at its apex throws 
out a bud which enlarges to a cell. On the top of this another 
cell (Fig. 37 , e) develops, which swells at its apex, and just below 
the swelling a constriction forms. The portion thus marked otf 
becomes rounded and forms the first spore. The cell again swells, 
another portion is similarly cut off, and the second s])ore produceil, 
the process being repeated until a string of spores resembling a 
chaplet of beads is formed. In the meantime side-cells, which 
form strings of spores in a similar manner, are put out from 
the cell at its apex, an<l in this way the brush-like arrangement 
(Fig. 37,/) is produced. The intermediate portions which connect 
the spores then decay, and leave the spores free to bo wafted 
away by the slightest current of air. The spores are covered 
externally l)y a fatty layer, and are, consequently, not readily 
w(itted ; when a drop of water falls on a mass of them it simply 


rolls off. 

Sexual Reproduction. — ^In addition to this a.sexual method of 
reproduction, the Penirillvun can also [)ropagate itself se.xually 
when jdaced under certain conditions, the chief one being a])pa- 
rently the absence of a sufficient supply of oxygen. Brofeld 
effected sexual reprcnluction by placing the mycelium of the 
Penicillium between slices of breiwl, which were then kept m 
dark, damp place, access of air Ixdng excluded. Lindner has 
seen the process take place in a gelatin -wort cultivation in a Tetri' 
(lish from which air was exclude<l. When sexual rcj)roductioii 
about U) take place, certain short branches of the hyphie tvi 
themselves together into a sort of double spiral (Fig. 37, .'/)» 
it is exceedingly probable that the protoplasmic contents of eai J 
couple mingle together, it is^considcred that one hypha repre^<*n» 
the male eh?ment, the other the female. , 

A series of remarkable changes now take t)lace, which cn<t 

- ,’>(Fig.37»«: 

If, at the end 


the formation of a small round body, the “sjwrocarp” (Fig. 37>^')! 


which passes .several weeks in a resting condition. 
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of this period, the sporocarp is placed in a damp situation, it takes 
on a series of changes, at the termination of which its interior is 
filled with an enormous number of spores, together with crystals 
of calcium oxalate, which latter salt also collects in the cell-wall 
and renders it extremely brittle. When this ruptures the spores 
are set free. The whole process is exceedingly slow, requiring for 
its completion six or eight months. Each of the spores produced 
in this manner is somewhat spindle-shaped in form, with three or 
four ridges on its external covering, and a circular groove running 
round its margin. The sexual spores when placed under suitable 
conditions germinate at once, but if kept in a dry condition in 
the unruptured sporocarp, they preserve their vitality for several 
years. 

Respiration. — The Penicillmm respires, that is, it takes in 
oxygen and gives out carbon dioxide. That it requires a consider- 
able amount of this gas may be seen by watching a hanging-drop 
culture from day to day ; the plant being in an air-tight cavity, soon 
begins to languish, and fimilly perishes from want of air. 

Nutrition. — This fungus is by no means choice in the matter 
of diet. Since it contains no chlorophyll, it is unable to obtain its 
supply of carbon from the carbon dioxide of the atmosphere, but it 
is able to appropriate the carbon of a vast number of other sub- 
stances, such as the various sugars, mannitol, glycerin, acetic, tartaric, 
citric, or succinic acids, asjxaragine, leucine, alcohol, and many other 
bodies. When grown on a solution of racemic acid, which is com- 
posed of equal molecules of the dextro- and hevo-birtaric acids, the 
Penicillium feeds upon the dextro variety jind leaves the other 
almost intiict. This pro[)erty was discovered by Pasteur, who uti- 
lised it for obtaining Imvo-hirtiiric aciiL The Penicillium exhibits 
an equal indilFerence as to the source of its nitrogenous supply. It 
obtains it most readily from a peptone, but it cjin derive its nitrogen 
rom almost any salt of ammonium, such jis the carbonate, lactate, 
aitrate, phosphate ; from ethylamine, propylamine, trimethylamine, 
or from the amities — acetamide, oxamide, asparagine, leucine, tfcc. It 
IS able to obtain its supply of sulphur not only from sulphates, but 
a so rom sulphites, hyposulphites, and from jmoteids. The organism 
pro uces oxalic acid during its growth, and this often combines 
c^ium to form crysttils which are deposited in the solution 
vdth f plant grows. Occasionally the oxalic acid combines 
tion this case the resulting salt remains in solu- 

Sir*] ^ oxalate is very frequently met with in plant life ; 

able^ f il' is secreted in order that the plant may be 

aunnlv calcium sulphate, and in this way obtain the 

constituents requires for the formation of its proteid 

when grown submerged in a saccharine fluid is 
these c alcoholic fermentation. When placed under 

onaitions it ceases to grow normally, its hyph» assume 
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peculiar and irregular forms, and large quantities of fat become 
deposited in their protoplasmic contents ; indeed, in such cases the 
fat has been found to amount to three times as much as that which 
the plant contains when growui under normal conditions. 

Temperature. — The Penicillium is able to grow within very 
wide limits of temperature. Its spores will prminate at any tem- 
perature between 2'^ and 43“ C. (35“ and no I.), but 22 to 26 C. 
(72^^ to 79'" F.) seems to be the most favourable temperature. 
Pasteur found that the dry spores could withstand a temperatiiri' 
of 108" C. (226" F.) without losing their vitality, but that they 
were soon killed when immersed in boiling water. 



Kio. 38.— Eiirotiiun aspcTKillu.s glaucus {after De Ban/), 
a hyijha coniiuencing to form snores ; fullv-fnrmed liend (seen in scetioii) 
c. conjngatlnK hyplne; il. sporocarp. 


Eurotium asperglllus glaucas.—This exceedingly comi 
mould fungus (Fig. 38) is met with under much tlio same condi ^ • 
as the Penicillium fjlaucutn. It clo.sely resembles this latter u ^ 
shape of its 8i)ores, their germination, and the sub.sequent 0 
tion of a mycelium therefrom ; tlie principal difference 
being tliat the partition-walls of its hyplne are not so nuna 
and consequently the Cecils are somewhat long(‘r. 

Growth.— Tliis is best studied in a hanging-drop 
When a certain amount of mycelium has formed, the phin^ 
to throw out upright stems which contain very few j)artition- 


and the.se eventually bear the spores. however, 

Aerial Spomlation. — The method of fructification, ■y\^i 
differs considerably from that of the Penicillium. Eac 1 




SEXUAL REPRODUCTION. 


26 


hypha, after having attained a certain length, ceases to grow, and 
its upper extremity expands into a pear-shaped head (Fig. 38, a). 
All over the surface of this, little protuberances, like so many pegs, 
arise, the protoplasm of each of these being continuous with that 
of the head. The end of each of these pegs then puts forth a little 
round bud, under which a constriction forms, and this gradually 
tightens until a little round knob is formed hanging by an exceed- 
ingly delicate neck. Tlie end of the peg then similarly throws out 
another bud, the process of constriction is repeated, and this goes 
on again and again until a chaplet of cells resembling a string of 
beads is produced, of which the oldest are the most distant from, 
the youngest nearest to the head. These are the spores, and when 
the growth of a head is comjdeted, these numerous chains of spores 
have the apiiearance of a brush-like ])all (Fig. 38, h). The head, 
when all its protoplasm has been exhausted, gradually decays’ 
and the spores fall off ; but those which have ripened before tiii.s 
takes place, may be removed by the slightest touch or by a slight 
breeze j they then float in the air, and may be widely disseminated 
by air-currents. The plant, in the earliest stages of its growth, 
consists of a white patch of mycelium, which gradually turns grey; 
it is only after the spores arc formed that it a.ssumes a green appear- 
ance. Each spore as seen individually under the microscope is 
colourless, and it is only when a large number are seen b'jgether, 
as when growing on the plant, that the}^ exhibit their peculiar 
green colour. 

Sexual Reproduction. — In addition to this asexual method of 
reproduction, the FMrofium can produce an entirely dillerent set of 
spores by a sexual ])roce.ss. When this is about to take place, bvo 
of the short hyphae coil and interwine together (Fig. 38, c), and their 
protoplasmic contents become fiis(*d together. A complicated series 
ot changes then ensue.s, which linallv terminates in the formation of 
a spheroidal l)ody called the “sporocarp” {d\ of a yellow colour. 
Wild contains a host of spores, each of which is in shape some- 
nng like two watch-glasses joined by an enveloping band. When 
P ace in a suitable medium, the iirotojdasm of the spore swells up, 
pushes aside the two concave valves, and throw\s out a bud. This 
g auially enlarges, forms partition- walls, and becomes a hypha, 
unrD) eventually forms a mycelium. From this the 

stems for bearing the asexual s]iores arise, while sporo- 
P may also form in other portions of the mycelium, 
a m Nutrition. — These imocesses are carried on in 

Hum i^^^ ^™^gous to those of the PeniciUium^ though the Euro- 
derive its supply of food from such a considerable 
n^njer of substances as the former. 

o* EuroHum grows best at a temperature of 

^ithstfli-»rl ^ ^ ^ unable to 

tion W temperature than 30“ C. (86” F.). This ques- 

» however, been very incompletely studied. 



262 


VEGETABLE BIOLOGY. 


BotPytiS CinGPea. — This is another fungus commonly found 
growing on decaying organic matter, in the form of small greyish- 
yellow patches, from which aiTial hyphm of the length of about a 
millimetre (.jj of an inch) arise, each of which bears a tufted head 
on which are seated a mass of spores (Fig. 39, a). If a few of these 
are removed and placed in a hanging-drop culture, their appearance 
and subsequent development may be observed in the usual way. 

Growth. — The s|)orc8 germinate (Fig. 39, />), and form a 
dense network of mycelium, similar to that of the Penicilliurn 
or Eiirotium. In a few days the cell-walls of the hyplne of 
the mycelium liecome swollen and gelatinous, and, when lifted 

out of the fluid in wln(di 


oiSlj plant is growing, ap- 

^ 

^ \f coated 

^ ^ mucilage. When the 

/ / my col in ni is some days old, 

i some of the yphm, which 
I S in the course of their growth 

I / w/ /• have come in contact with a 

J h 1 1 F solid l)ody, such as the walls 

// / / of the vessel the plants are 

j // (/ grown in, rn])idly throw out 

^ // a numlxir of small branches. 

/ / which ra])idly sulxlivide, and 

j^T j j H at last assume the form of little 

« tf [J// iJ ('y tassels, which gradually turn 

m It/ '■( ff black. These develop a sort of 

m/'^/ 1/^ mucilaginous matter by means 

// w’hich they become firmly 

(j adherent to any oliject with 

which they come in contact. 

Flo. 39.~B<arytl* c:ln«rea(fltr^<rr tie Banj). Aerial SpOnilatlOIl.— Fmni 

<», tufted of hypha with spores ; ft. ger* the mveeliiiin which cradU' 

rnfnatlng hypha ; c. hypha with bunched ”h>ceiium, wniui „ 

srKjrcs; d. scieroUa ; e, f. cup-shaped ally assumes a greyisli-uro'Mi 

p-,™. 

are divided by septa aii'‘ 
often branch) arise; these are destined to hear the spores. After 
these ai'rial hyplue have grown to the height of a millimetre, 
they throw out stout, short branches nearly at right angles tn 
the principal stem, and each branch suMivides again into severe 
shorter twigs. The ends of each of these swell, and on j * 
swollen surfaces an egg-shaped spore gradually develops. Ti® 
spores, when ripe, are about 8 to 9 niicromillinietres 
6 to 7 broad, pale reddish-brown in colour, and connected 
the stem by a delicate neck, only one spore being formed 
the end of each twig. When growth is completed the heat 
spores somewhat resembles a hunch of grapes (Fig. 39» 
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the name of the plant, Botrytis^ from the Greek word signifying 
such a bunch. 

Sexual Reproduction. — When this takes place in the Botrytis, 
round or irregular shaped, hard, black bodies, called “ sclerotia 
(Fig- 39* ^)» form in the mycelium. The size of these varies from 
half a millimetre to several millimetres in diameter; they are 
made up of an extremely dense and complicated mass of inter- 
lacing hyphae. If, directly after their formation, they are removed 
from the plant and placed in a nutrient fluid, or on a nutrient 
substratum, they at once commence to throw out upright hyphie 
which bear spores. If, however, they are dried, kept for at least 
a year, and then buried under the surface of soil which is con- 
stantly kept moist, small buds protrude from their surfaces. Each 
of these grows into a stout, hairy, cylindrical stem (e, c), which at 
length pushes its tip through the soil and then ceases to grow. 
The apex of each of these stems expands into a little cup-shaped 
formation, the interior of which eventually becomes lined with a 
velvety layer, each strand of which is an elongated cell. Some 
of these cells remain barren ; in others the nucleus divides, first 
into two, then into four, then into eight (/); each of these 
divisions of the nucleus attaches to itself a ])ortion of protoplasm, 
and after investing itself with a cell-wall. Anally becomes an “ asco- 
spore.” 1 The elongated cells in which the ascos])ore8 have formed 
absorb water, and tlie effect of this is to gradually push the spores 
towards the upper extremity of the cell ; when the pressure be- 
comes sufficiently great the end of the cell ruptures, and the 
spores are driven out with an amount of force sufficient to carry 
them to some distance. The spores, if they happen to alight in 
a suitable medium, germinate in a few hours, develop into a 
mycelium which eventually throws out spore-bearing aerial hyphae 
and forms sclerotia. 

Nutrition. — The plant will grow on almost any kind of organic 
subsknee, if sufficiently provideil with moisture and oxygen, and 
provided that tlio temperature is a few degrees above the freezing- 
point. It is able to obtain its supply of carlxuiaceous diet from the 
sugars, or from organic acids, such as tartaric, citric, S:c. Its tissues, 
upon analysis, are found to contain large quantities of potassium 
piosphate; the plant, during its growth, produces much oxalic 
» and this combines with potassium. It .secretes two enzymes ; 
ne 0 which dissolves cellulose and the other inverts cane-sugar ; 

rj,, unable to excite the alcoholic fermentation, 

the f- , grows on living plants, its hyphm piercing 

and penetrating into their cells ; in this way it often 
flavo ^ ^^usiderable damage to fruit and other crops. The [peculiar 
tions^^ certain Rhino wines are caused by modifica- 

^nich this fungus induces in the contents of the over-ripe 

So called from being formed ineide a cell or sack {ascus, a sack). 
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grapes before their juice is subjected to the vinous fermentation. 
Botrytis is sometimes the cause of a smoky flavour in wines, and it 
is probable that a similar flavour occasionally met witli in beer is 
also produced tlirough its agency. 

Aspergillus oryzae. — A kind of fermented liquor made 
from rice, and known by the name of “ saki,’' has long been made 
in Japan by tlie agency of this fungus. It is manufactured in the 
following manner : — A quantity of rice is first steamed, allowed to 
become cold, and a portion of rice grains, kept over from a previous 
brewing and on which the mycelium of the fungus is growing, is 
mixed witli it. In a few days the mycelium will have spread over 
the new rice, tliis is then mixed with a further portion of steamed 
rice, the process being repeated until a suflicient quantity of in- 
fected rice is obtained. Umler this treatment the mass of rice 
develops an odour similar to that of apples or pine-a])ples. In tlio 
actual brewing 21 ])arts of this infected rice are mixed with 6S 
parts of steamed rice and 72 parts of water, and the semi-solid 
mass thus obtained is kej)t at a temperature of 20" C. (68' F.) 
for .several days, at the expiration of whicli it becomes cen- 
sidorahly liquefied, the starch being liydrolysed by an enzyme 
secreted Ijy th<‘, fungus. In about three days alcoholic fermenta- 
tion s(!ts in siiontaneou.^sly, and lasts for about tliree weeks. A 
beverage is obtained in this way which, after filtration, is of 
a briglit, sherry-wine colour, ami contains from 13 to 14 per 
cent, of alcohol. The Koji-ferment has been much studied : 
it has been found to contain various enzymes, all of which 
are able to hydroly.so starcli, <lextrin, maltose, and cane-sugar. 
Hydrolysis of the jiroteids also a[)})ears to take ])lace, for much 
insoluble proteid matter is converted into soluble during the 
process. 

Juhler, who recently investigated the action of the Koji-fer- 
!iients, was led to the conclusion that the alcoholic fermentation 
i.s brought about by the ripe spores of the aspergillus. These, 
wlien grown at a suitable tem|>eraturo and with a free supply of 
air, develop a mycelium in the ordinary manner, but when, after 
having liquefied the .starch, they sank into the fluid, and were 
excluded from contact with the air, Juhler thought tliat he 
had been able to observe a series of extraordinary changes 
which ended in their conversion into Sarcharornycetes or true 
yeast. Recent investigations have, however, disproveil the cor* 
rectnc.ss of these conclusions. 

In addition to the Asperyillm oryzm two other fungi have been 
found in the Koji-ferment, a white mould very similar to tha 
described by Calmette as Amylomyces Rouxii^ and a variety 0^ 
MucoVj but these are not nearly such energetic agents in effecting 
the hydrolysis of starch as the Asjyergilliis. 

Chalara mycoderma.— This is another mould fnngu^ 
which is able to grow on wort or beer, on which it forms 
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greyish film, which consists of a branched mycelium (Fig. 40). 
The contents of some of its hyphae have a brilliant refractive 
appearance, and from these coni(lia of different shapes and sizes 
arise. The fungus is met with very 
abundantly on the surface of gra])es. 

Oidium lactis. — Thisfungus(Fig. 41 ) 
is often found on the surface of milk, 
hence its name. It is also often met with 
in air analyses, where it forms on the thin 
gelatin layer a bright, silky mass of myce- 
lium, the hyphoB of which radiate outwards 
from a common centre. Grown on a thick 
layer of gelatin, it forms large colonies 
having a radiating form, and a dry, j)ow- 
(lery appearance on their surface. A con- 
siderable quantity of gas is liberatejl ])y 
each colony, which forces up the gelatin 
into a bubble ; this may become as large 
as a walnut, but does not burst. Tlie fun- 
gus is met with on malt, on leaky places in 
brewing vessels, and is sometimes found 
growing on yeast. When vegetating on 
wort it forms white, floating masses having a woolly appearance, 
under which bubbles of carbon dioxide collect. The woolly mass 
consists of transparent, l)ninch(‘d, forked and thin-walled hyphae, the 
extremities of which are divided into se}>arate cells by numerous 
transverse septa. These cells form the spores of the plant ; they 
finally become detached, and, when placed in conditions favourable 
to their growth, germinate. The fungus is not, as was at one time 
supposed, the cause of the lactic fermentation in milk ; it can, 
however, excite a feeble alcoholic fermentation in wa:»rt. It grows 
freely on yeast, and though the organism is not known to exercise 
any prejudicial influence on either yeast or beer, yet its presence 
there is undesirable. When the spores, which consist of short 
cylinders, are cultivated in a hanging-drop, they swell up, become 
egg-sliaped, and then thrown out one or more hyphoe, which grow 
rapidly and branch freely. Numerous partition-walls then appear, 
and the separate cells formed in this way break off with a kind of 
convulsive movement, which can often be induced by tapping the 
stage of the microscope. 

, Oidium lupuli. — Under this name Matthews and Lott have 
escribed a fun^s somewhat akin to the Oidiwn lactis^ which 
ey found growing on spent hops in the form of a reddish-brown 
dust. When cultivated in a hanging-drop it 
I ® ^^^nriant aerial mycelium, the hyphee of which become 
form f* their apices. Each branch then divides up by the 
tbc. ^ transverse septa into individual cells which constitute 
spores of the plant. 



Fig. 4o.--(’halaia mycodernia 
{after llan-aen). 



266 


VEGETABLE BIOLOGY. 


Lindner describes another Oidium, provisionally named^P?</?M- 
lans, which he has often found in air analyses, and in samples of 
lager beer removed from the storage casks by spiling. It is able to 
grow on the surface of wort, but does not seem capable of exciting 
alcoholic fermentation. Its influence on beer is unknown. 



Dematium pullulans (Fig. 42).—Another fungus ^ 
quently met with on thi3 surface of grapes and other fruits. ^ 
frequently found in air analy-ses, and its presence can be loa ’ ^ 
detected by the rapidity with which it liquefies the gelatin 
According to Lindner, who has studied the habits of this 
grows rapidly in hopped wort, in which it throws 
resembling those of yeast. In a few days numerous floccu 
slimy masses make their api>earance under the surface o 
wort, which cling tenaciously to the sides of the vessel. 
liquid itself, although not rendered turbid, becomes ropy. 



DEMATIUM PULLULANS. 


267 

can be pulled out into long strings by means of a platinum 
loop. A microscopic examination of a drop of the wort, when 
it has arrived at this stage, reveals nothing but the presence 
of a number of isolated cells resembling long budding yeast- 
cells. After some days the surface of the wort becomes covered 
with long threads in which the resting spores of the fungus 
may be seen; these, which are at first of a dirty green colour, 
gradually turn black. The ropiness of the fluid is caused by 
the deposition of a transparent mucilaginous matter on the walls 
of the cells, which keeps them at some considerable distance 
apart. During the time the wort is turning ropy it develops 
a paste-like flavour, and this persists after it has undergone the 



Al coholic fermentation. During the latter process the ropiness 
disappears and the Deinatium cells die. The acidity of the beer 
oes not seem to bo influenced by an invasion of this organism. 
6 ungus can induce a similar ropy condition in a solution of 

cane-sugar. 

.v/PParent Origin of Wine Yeast . — Jorgensen, incited by 
opposed discovery of J uhler that the spores of the Aspergillus 
yeast transformed into yeast-cells, thought that wine 

luent’^'^l! some similar origin. After much fruitless experi- 
he found, amongst the mould fungi growing on the surface 
some time in a moist atmosphere 
ft bell-glass, a vegetation consisting of numerous branched 
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hypha?, which subsequently formed conidia. On cultivating these 
conidia upon the surface of sterilised graj^es, he thought he had o]> 
served a complicated series of changes in the vegetation thus pro- 
duced, which ended in the formation of true yeast. Other observers, 
notably Klbcker and Schibning, have repeated these experiments 
with an entirely negative result ; so this is almost certain, that 
the views of Jorgensen were erroneous on this subject. 



Monilia Candida.— This funt-us (Fif?. 43) occurs M a vMi 
layer on cow’s dung, and on the surface of sweet succulcn ^ 
When submerged in wort it excites the alcoholic fermeiitatio , 
develops cells much resembling those of yeast. It |erineii s ^ 
tose and cane-sugar, and has recently been shown by ^ 
contradiction with the views previously held, to secrete in 

Mould Fungi Dangerous on Brewing ry, is 

presence of mould fungi, either in the malthouse or the d 
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highly undesirable, since, as they grow and multiply with extreme 
rapidity, and are always accompanied by bacteria, they may at 
times become a source of real danger. Barley, on the growing 
floor, is especially liable to be attacked by PenidUium glaucum, 
Miicor mmedo, and Ai^pergiUus glaucim, all of which secrete dias- 
tases that convert a portion of the starchy constituents of the barley 
into sugar, which eventually becomes transformed into acids. In 
this way a portion of the malt, which should have contributed 
to the production of extract, is not only lost, but converted into 
substances of a prejudicial nature. The moulds communicate an 
objectionable flavour to the growing barley that is not lost on 
kilning and which persists in the finished beer. On rare occasions 
the barley becomes infested with a Fusarium which gives the 
resultant malt a reddish tint and renders it quite unsuitable for 
the production of beer. 

Worts, especially during hot weather, may become invaded by 
some of the mould fungi. The smoky flavour due to the presence 
of Botrytis diierea has already been mentioned. Beers weak in 
alcohol may be infested by Monilia Candida, which, when growing 
under these conditions, has very much the a})pearance of yeast. 
Ouliuni lactis sometimes makes its appearance during hot weather 
on the surface of beer, over which it rapidly spreads as a thin 
skin resembling powdered starch; breweries situated in close 
proximity to stables are especially liable to the invasions of this 
|ungiis. Hops which have been imperfectly dried, or which are 
kept in a damp place, are liable to the attacks of some of the 
Mueedo species. This causes them to become heated and take on 
a peculiar fermentation, in which trimethylamine and butyric acid 
are formed, bodies that communicate an exceedingly unpleas(int 
flavour to the hops. 

As the presence of moulds in the lualthouse or brewery is so 
ughly undesirable, they should be destroyed as soon as patches 
their appearance. A solution of chloride of lime 
\ > eaching-powder) is a very effective mould-destroyer for those 
P aces where it can be used. For the interior of vessels, Ac., a 
s rong solution of sulphurous acid or bisulphite of lime, which 
uni powerful fungicide, may be used. A preparation sold 

6 r the name of “ Antinonnin ” is also a very efficient fungicide. 
fliiJ! ^ P^ty mass, consisting <if soap, glycerin, and potassium 
wlnff^ (CtjH2(N02).UH3()K), and is generally mixed with 
coiisfr^^^ applied to walls and woodwork. Its nitro-cresol 
uueut is an exceedingly poisonous substance. 
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THE HIGHER PLANTS. 

These may be regarded us vtist congregations of cells, all of 
which, at an early period in their existence, have had the same 
simple structure as the yeast-cell. In this simple organism we 
have seen that one portion of its tissues performs one, another 
portion another function ; thus the cell-wall, in addition to being 
a protective layer for the protoplasm, carries on the important 
function of osmosis, and the protoplasm itself performs several 
different functions. A certain amount of difterentiation of function 
is therefore observable even in tlie structures of the simi)le.st vege- 
table organisms, but, as we proceed higher in the scale of plant 
life, this differentiation of function is not merely confined to the 
contents of the individual cell, but is extended to the cells them- 
selves. We then find special cells set apart for the performance of 
certain functions, and the higher we proceed in the scale, the mort' 
complex the organisation of the plant becomes, and the greater the 
differentiation of function between its various groups of cells. 
Though the ein])ryo of the barley-plant as it exists in the barley- 
corn consists of an aggregation of simple cells ; yet even at tliis early 
stage of its existence there is no dihiculty in recognising, from the 
way in which these cells are arranged, that they already are iiiarked 
out for different j)urpose.s. The })ortion of the germ which is in- 
tended to form the root is readily distinguishable from that which 
is intended to form thci stem. But as growth proceeds ami the 
cells multiply by division, the cells which are concerned in the 
formation of the root become further subdivided into distinct 
groups ; one of these eventually forms the epidermis or exterior 
covering of the root, the C(dls of anoth(*r group coalesce to form 
vessels for the conveyance of water, together with those constituents 
of the soil which are dis.solved in it, from the root to the leaves. 
Other cells form delicate prolongations called the “ root hairs,” the 
function of which is to ab.sorb water from the soil. Similarly, as 
growth proceeds, changes take place, in the cells intended to form 
the stem ; cellulo.se of a Umgh resistant nature is deposited in the 
walls of those cells intended to give rigi<lity to the j)lant ami enable 
it to preserve its shape against external influences. Other sets 01 
cells become elongated and unite at their ends to form vcs.sels for the 
transmission of the various fluids of the plant. Another series unite 
and form the leave.s, in the exterior cells of which the chloropb.)^| 
granules are met with in the greatest abundance. When the iierioi 
of flowering approaches, certain cells in the apex of the stem com- 
mence to form the complicated series of tissues which first eonstitu 
the various parts of the flower and afterwards those of the iril’ 

In the case of such a plant as the barley-plant, which only live^ 
a year, during the period of its fructification nearly the whole 
the starch and other carbohydrate matter contained in the p ^ ’ 
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with the exception of the cellulose, is conveyed to the seed and 
there stored up as starch. The whole of the carbon of this starch, 
with the exception of the minute (juaiitity derived from the germinat- 
ing seed, has been separated from the carbon dioxide of the atmos- 
phere by the chlorophyll granules of the plant’s leaves and stem, 
and as these granules are most abundant in the leaves, it follows that 
the bulk of the carbon must have been disassociated by them, after- 
wards to be conveyed down the conducting tissues of the leaves in 
the form of sugar, then up the stem, at the apex of which it is 
finally deposited as starch in the seeds. 

Like the Protococcm^ the higher plants require carbon dioxide 
and water for their nutrition, also nitrogen, sulphur, and phos- 
phorus for the construction of their proteid constituents, and 
also the mineral elements potiissium, magnesium, calcium, and iron. 
These latter elements are derived from the nitrates, phosphates, 
and sulphates, which are invariably present in the soil, and which 
are dissolved by tlie water that is absorbed by the root hairs of the 
plant, which insert themselves for this purpose into the interstices 
between the particles of the soil. It is then passed by them into 
the root, from which it gradually ascends through the stem of the 
plant to its leaves. The amount of water above and beyond that 
required for the actual nutrition of the plant is returned to the 
atmosphere as vapour, leaving behind in the leaves the various 
salts it previously held in solution. 

The Substances Produced by the Cells of Different 

riants. Hitherto only those products of plant life which are in- 
dispensable to the life of the plant have been mentioned, but very 
many plants form a variety of other substances from the four ele- 
ments carbon, hydrogen, oxygen, and nitrogen, which are often ex- 
ceedingly complex in composition, and differ with each plant. Tire 
number of the substances so formed is almost incalculable. Eor 
example, the hop plant, in addition to carrying on those functions 
mt are absolutely necessary for ordinary plant life, secretes the 
arious volatile oils upon which its aromatic flavour depends, the 
csins which are of such importance to the brewer, the bitter prin- 
6 called lupulin, the tannin, Ac. The number of different sub- 
ances which have been isolated from plants, especially of those 
niedicinal, is simply enormous, and even this large 
nuknown^ probably but a small fraction of those which are still 

of of Barley.— This, and the complicated series 

changes which accompany it, are subjects of the 
barlev ^ brewer, for during the process of germination, 

convirf 1 ^ such, is totally unfitted for brewing purposes, is 

the ^ uialt. The grain of barley contains, in addition 

starch ^ large store of material in the shape of 

Uour^ V Diineral matters, Ac., wdiich are destined to serve 
m iment to the young plant before it has thrown out its 
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first t'reen leaves, after wliich it is capable of maintaining an mdc- 
pendent existence. This store of reserve material, m it exists m 
the Imrleycorn, is in a state quite unfitted for the nutrition of the 
-Trowing embryo ; the starch and a large iiart of the proteid matters 
are in an insoluble condition, and the greater portion of the protei.l 
matter which is alreaily soluble is in a non-diffusible form, in which 
condition it cannot be utilised by the young plant until after erm- 
siderable modification. Everything is, however, ready for altering 
this condition of things ; enzymes, which are destined to induce 



— SfctloiiH from a Grain of Barley. 


FIG. 44. 

of emptlea cells ; <J- starch cells (ttlletl). 


tlie necessary metamorphoses, are alrca-ly to some oxtciit 
in the seeil, and the material is at hand for the '' j 

other enzymes which are necessary to complete the d,,. 

All that is rc-iuired to set in action the vital machin y 
barleycorn is the i.rcseiice of water in ’ .rtivitv 

able temperature, and a supply of oxygen. ,„.s are 

has licen fully aroused, an abundance of those 
secreted whose function it is to . during 

soluble and diffusible forms htted for the plant s nutr 




®®ctlon showing alourone layer.— <7. starch cells ; aleurone layer; k. layers 
which collectively constitute the husk. 

fro Secured, the maltster steps in, and, by withdrawing water 
^ fhe grain, puts an end to further vital action. His object is 
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to secure certain important modifications in the grain which are 
brought about by enzymic action, and also to obtain an abundance 
of those enzymes which convert the starch of the malt in tlie 
mash-tun into substances that are for the most part fermentable, 
and which transform the albuminoids into derivatives assimilable 
by the yeast. 

Structure of the Barleycorn. — As may be seen by examining 
the accompanying illustration (Fig. 44 , A), which represents the 
germ end of a grain of barley cut in two through the furrow which 
extends down the face of the corn, the seed is divided into two 
chambers by a sort of partition-wall (e), the lower one containing 
the germ, which would, in the natural course of circumstances, 
develop into the barley plant. Even at this stage of its existence 
the rudimentary stem ami root (h and c) are distinguishable. 
The germ lies embedded in a mass of cells, the uppermost layer 
of wliich consists of the series of elongated cells (e) termed the 
“secretory layer;” it has certain very important functions to fulfil 
during the process of germination. The endosperm is filled with 
a network of thin-walled cells (Ag and 7^/) closely packed with 
starch granules and small granules of proteid matter. Immediately 
al)Ove the secretory layer are several rows of empty cells (Af and 
77/'). The walls of this chaml)er are lined with three or four layers 
(Cj) of somewhat s(piare-.shaped cells, known as the “aleuroiic 
cells;” the.se, which collectively constitute the “aleuronc layer,” 
are filled witli the aleurone or proteid grains, together with 
small (piantities of fat and mineral matter. The aleurone layer, 
when it reaches the scutellum or i)artition-waIl, diminishes in 
thickness to a single layer of small cells, and these gradually dis- 
appear towards the base of the grain. Several layers of various 
other ti.ssues surround the seed and are closely adherent to it ; these 
collectively constituU) the “husk,” and are of considerable iiiiportr 
ance to the brew’cr, for in the ma.sh-tun they form a mass of filter- 
ing material which completely removes suspended particles from 
the wort and jKirmits it to flow off bright and clear. 

Dormant Vitality. — The germ of the grain of dry barley nv^y 
be said to bo in a state of dormant vitality. When the barley 
grain is planted in the soil, it finds there all the conditions necessary 
for bringing it.s dormant state of vitality into one of activity ; these 
are the presence of water, a suitable teinjrerature, and free supi'ly 
of air. The maltster imitates these conditions artificially ; he sup' 
plies the requisite water by soaking the barley in the cistern, su - 
sequently he kcej)S the grain at a suitable tem}>eraturo on the floor 
of the malthouse, and secures its aeration by frequently turning- 
The barley grain, even when in a state of dormant vitality, niani 
fests to a very small extent the actual phenomena of lifc i 
slowly respires, absorbing oxygen and giving off carbon 
consequence of which there is a small but appreciable loss of we^ 
in barley during storage. It has been estimated from this cau^ 
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that the best and driest barleys lose per cent, of their weight 
in the first year, per cent, in the second year, and J per cent 
in the third year ; and this loss is considerably greater with inferior 
and damp samples. 

Germination. — AVhen in one or the other of the above-men- 
tioned ways the dormant vitality of the germ is roused into activity, 
that complicated series of processes collectively comprised under 
the general term of “ germination ” commences. Starch begins to 
appear in the tissues of the germ, which previously were almost 
or absolutely starch free, and the first rootlet begins to elongate. 
The cells of the scutellum, which are as yet free from starchj 
now show signs of activity, the proteid matter deposited in them 
disappears to a considerable extent, and the protoplasmic contents 
of the cells assume a very granular condition and secrete much fat. 
As germination jjroceeds, the pointed mass of cells which surrounds 
the rudimentary root, and which constitute the root-sheath, is 
pushed forward by the developing root, and protrudes through 
the base of the grain. At this stage the barley is said to “chit.” 
The first rootlet soon breaks through the end of the sheath, and is 
followed in due course by other rootlets. The cotyledonary sheath, 
or mtiss of cells surrounding the stem, commences to elongate on 
the third or fourth day of germination, and in so doing ruptures 
the proper covering of the seed, it then grows upwards between 
this and the husk, and forms the acrospire or “spire” of the 
maltster. After growing to about fifty times its original length, 
Its apex is broken through, and the lirst green leaf makes its 
appearance, but in the process of malting the growth of the grain 
IS arrested long before this takes |»lace. 

V of Enzymic Action.— When the first rootlet is 

reaking through the root-sheath, .starch begins to appear in the 
issues of the germ, also in the protoplasm of those cells of the 
scutellum which are nearest the secretory layer, and it gradually 
invades the deeper-seated cells. At this period the contents of 
wh‘ secretory layer have assumed those appearances 

icn indicate that they are now in a vigorous stete of activity. 

Dissolution.— These first appear in the cellulose 
imni^ r f 1 endosperm, which are situated 

and T n secretory layer; these become softened 

cells f V ilissolved, the dissolved matter passing into the 
difisol^f ®^ntelluiu, there to be transformed into starcL The 
whole^ f gradually extends to the cellulose walls of the 

these ar w ®^^^^^*^o*.^taining cells of the endosperm, and until 
in the f ^“^ted no evidence of a solvent action can be observed 
first fn^ themselves. Thus it was supposed that the 

^nd it ®nzyme was solely one which dissolved cellulose, 
termed a “cytohydrolysist.” As the 
the endn <^®llulose proceeds, the tough resistant contents of 
sperm gradually become softened, and if rubbed between 
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the finger and thumb when this stage is completed, appear and feel 
like a moist powder. This so-called mealy” or modified condition 
the maltster endeavours to bring about to its fullest extent in the, 
process of malting, for the degree of friability of the finished malt 
depends on the extent to which the cellulose has been atlected. 
The cellulose walls of the starch-containing cells of the endosperm 
of different samples of barley exhibit consideralde variations in 
their readiness to submit to enzymic influence, variations which 
materially depend on the influence of the soil and climate where 
the particular samples were grown. Those samples in which this 
action takes place most readily are the most suitable for malting 
purposes. 

Griiss, in a scries of rei’cnt observations, found that the cell- 
walls of the endosperm, after having been subjected to the action 
of the enzyme, behaved differently towarths certain staining agents, 
and that by employing these he was able to trace the progress of 
the action of the enzyme with considerable exactitude. Wlu'ii a 
section of a grain of germinating barley is stainetl with Congo rt'd 
and examined under the microscope, tho.se <‘ells which have suircreil 
modification ar(,‘ found to be much more ileeply coloureil than the 
remainder, (iriiss found that action (Jii the cell-wmlls of the starch 
cells of the endosperm, in j)rogressing from the secretory layer, 
proceeds more rapidly in the neighbourhood of the aleurone layer, 
and that after eight or nine day.s’ germination the modification is 
complete throughout the wdiole endosperm, with the exception, in 
many ca.ses, of a small portion at the apex. Thes*; unatlcctcl 
portions form the “hard ends” .so common in malt. The inodilica- 
tion of the cell-walls a[)pear.s to be only a partial solution, and 
this is readily explicable when it is considered that the cell-walls 
consist, accor«ling t<^ the researches of 8ch\ilzo, of tw’o substaiues-- 
araban and zylan, and that the «*nzyme, though able to effect the 
complete .solution of the first of the.se, is unable to dis.solve the 
second. This limited action is, however, suflicient to render the 
cell-walls permeable to such enzymes as diastase. Keinitzer' con 
eludes from his experiments that there is no s])ecial cytohyalrolytie 
enzyme secreted, but that it is the ordinary diastase which di.ssoi\e‘^ 
the cell-walls. He comsiders that the cellulose which constitute^ 
these is of a much less resistant nat\ire than the ordinary henii 
celluloses, but that it is probably closely allied to them. 

Solution of the Starch of the Endosperm. — When the cel u^ 
lo.se walls of the starch-containing colls are dis.solvcd, aiio 
enzyme begins to make its appearance. This is the “ ^ 

secretion,” so called by Ikown and Morris to distinguish d 
another diastase which is already pre.sent in the barley ^1^ 

is through the agency of the diastase of secretion that the ? _ 

conversion in the mash-tun is effected ; consequently this 
is a body of considerable importance. As in the former case, 

* Hoppe-Seyler’s /. Phyniolog. Chem., xxili. p- 175' 
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first traces of the action of this diastase are to \)e found in those 
starch grains which are situated in close proximity to the secretory 
layer, and are first observed when the rootlet has grown to the 
length of the fiftieth of an inch, and the acrospire to about 
three-quarters that length. In the natural course of growth of 
the barley plant this solution of the starch grains proceeds until 
the whole of the endosperm is emptied, but in malting it is 
restricted within as narrow limits as is compatible with securing 
the proper modification of the grain. Tlie way in which the starch 
granules are dissolved by the diastase of .secretion entirely differs 
from that in which the diastase of translocation affects them. The 
former causes minute pittings on the surface of the granules, which 
increase in number and depth, and eventually give to the starch 
grains a very irregularly corroded a{>pearance. A series of star- 
shaped fissures thou appears, the layers of starch of which the 
grain is built up become detached, and tlie whole starch grain 
dissolves, with the excoi)tion of some of the more resistant layers 
which persist for some time. 

A diastase exists in fairly large quantities in ungerminated barley 
(see p. in), its function apparently being to effect the transporta- 
tion of starch, during the develo])ment of the barleycorn, while it 
is still attached to the plant. Hence it was termed by Brown and 
^lorris “translocation diastase.” The collection of materials which 
make up the endosperm arc the first to be dejiosited in the seed, 
the development of the germ taking place at a later stage ; and it 
is from the materials deposited in the endosperm that the germ 
obtains the matter necessary for the Imilding up of its tissues. 
The empty cells that are situated immediately above the secretory 
layer, and which were originally filled with shirch, are supposed 
to have been emptied for this purpose. This diastase dissolves 
the starch grains without j)revious corrosion and pitting. By 
treating microscopic sections of germinating grains of barley with 
solutions of guaiacum and hydrogen peroxide, Griiss was able to 
locate the diastase by observing the results it gives with those 
reagents (see p. iio).^ In this way he found that, in the unger- 
minated barleycorn, the cells of the embryo, and especially those of 
the scutellum, contained diastase, but that it is very rarely present 
m the starch-containing cells of the endosperm, and then only in 
traces. When the grain has been steeped, the diastase is found 
to have left the interior of the cells and passed into their walls. 

. {germination proceeds, the presence of diastase l^ecomes apparent 
in those cells of the endosperm nearest the scutellum, and in its 
urther progi'ess exactly follow’s the course of the modification in 
th^ when barley is ready for the kiln, 

e diastase ought to have reached every cell of the endosperm, 

( 5 eric/Uf, 1897, p. 1313) expresses considerable doubt as to 
“'ippo^d reaction is to characteristic of enzymes as has hitherto been 
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and, when sections of such grains are stained with guaiaciim and 
hydrogen peroxide, every cell should he coloured. Also, when the 
sections are stained with Congo red, all the cell-walls should take 
this stain deeply, and so show that they are properly modified. 
Grliss does not agree with the view that the enzyme which has 
been termed the diastase of secretion is secreted by tlie germ, 
for he found that the separated endosperm was able to secrete 
diastase, and this accounts for the re.sults obtained by Pfefler and 
Hanstein (see below). 

Some considerable light was thrown, during the cour.^e of 
Griiss’s experiments, on the effect of aeration during germination. 
When barley was germinated in the absence of air, it was found 
that in eight days the diastase of translocation, though it had 
permeated the cell-walls of the endosperm, had been unaldc to 
effect any modification in them. But the more favourable the con- 
ditions of aeration under which the grain was grown, the more was 
the diastase of secretion jiroduced, and the more was moditicatimi 
of the cell-walls induced. A])parently this diastas(‘ is formed liy 
some process of ox illation. 

Parasitic Nature of the Germ. Many plants are known 
which, being devoid of chlorophyll, are obliged to depend np'>n 
other plants for their supjily of carliohydrate food. Organi.sin.s 
of this kind which live on living members of the vegetahle or 
animal kingdom are called “parasites;’’ the various fungi found 
growing on living trees are instances of the.se. Many fungi only 
vegetate on dead orgardc matter; these are termed “ saproj»hyti‘S. 
It has been considered that the germ of barl(‘y in the earlier stng«.;s 
of germination liehaves like a saprojdiyte ; Brown and Moriis 
comduded from their experiments that the endosperm of thii harlcy- 
corn was a ina.ss of <lead matter. It was found po.s.sible to reiinu^ 
the germs of barley and of .some other .sc*eds from their resjn'cdbe 
endospi'i’ins, and grow them on a substratum of a starch d(‘li^c| 
from anotln;r plant, or (‘ven on a layer of gelatin, moistened vit 1 
a solution of such sugars as gluco.se, hevnlose, malto.se, cane- 
augar, Ac., this last .sugar yielding the best results. Ihe secietiou 
of the diastase seemed to be a starvation ])Vienomenon, mj 
enzyme was only secreted when the embryo wa.s without > 
when the .separated germ was abundantly sujjplied with cane^-sug'^h 
but trifling (quantities of diastase wer(*. secreted ; when 
starch, the enzyme was secrehMl in alnindance. Endosperm, 
which the germs liad been removed, when kept in a mois 
dition, never evinced the .slightest signs of vitality. 
to this view, the germ of barley, until it baa thrown out i s 
leaves and is able to manufacture its supply of carl>ob.y<l^' 
proteid material from the constituents of the air and soil, 
life of tlie saprojdiyte, obtaining its whole 8Ui)j)ly ol 
material from the dead substances of the endosjierm. 
portion of its existence it simply breathes, that is, absorbs 0 
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from the atmosphere and gives off carbon dioxide. During the whole 
of the malting process its life is carried on under these conditions. 

Some doubt has recently been thrown upon the view that the 
emptying of the endosperm is entirely effected through the agency 
of the enzymes secreted by the germ. Pfeffer and llansteiii have 
shown that the endosperms of barley, from which the germs had 
been removed before the commencement of germination, and had 
been replaced by little pillars of plaster-of-Paris, the lower ends 
of which were immersed in water, emptied themselves in thirteen 
days. Precautions were taken to exclude the action of bacteria. 
Puriewitsch found that the plaster pillars were unnecessary, and 
that the same object could be effected by keeping the ends of the 
endosperms in contact wdth sufficient water. Too little water or 
the presence of an anmsthetic arrestoil the action. 

Action of the Proteolytic Enzymes. — At the time that the 
carbohydrate portions of the endosperm are being broken down 
there can be no doubt that a similar action takes place in the 
proteids, evidently through the instrumentality of one or more 
proteolytic enzymes, but we arc still in ignorance as to whore or 
how these originate. The proteid grains of the cells of the 
scutellum disappear at a very early stage in germination ; and, 
subsequently, solution and absorption of the entire contents of 
the endosperm, which include a considerable amount of proteid 
matter, takes place. Hence it is only fair to presume that a solvent 
action analogous to that which occurs with the carbohydrates is 
at work. AVe know that much of the insoluble proteid matter 
of the barleycorn is converted during the malting process into a 
soluble condition, and that a large proportion of it is also broken 
down to the amide form, in which state it is not only soluble but 
eminently diffusible. 

The proteid grains of the aleurone layer arc the last to be 
affected ; no trace of solvent action can be detected in them until 


the acrospire projects some one-fourth or one-fifth of an inch 
heyoiul the end of the barl<‘ycorn ; consequently, they are only 
appropriated at a late stage of germination. Tliese cells appa- 
rently undergo no change during the limited time which the 
germination is allowed to proceed in malting. 

Since the barleycorn, during all those stages of its growth 
J^hich concern the maltster, derives the energy expended in the 
nilding up of its tissues from the combustion of carbon, tlie seed 
OSes weight, and ns the los.s of weight falls principally on the 
a arch, it is evident that all unnoce.ssary growth implies a waste 
0 starchy material. The barley germ, during that period of its 
food f it is unable to manufacture its own carbohydrate 

g carbon dioxide of the atmosphere, is indebted to the 

of the plant on which it was formed for its supply 

mam? since these were the agents concerned in the 

^cture of the starch stored in its endosperm. 
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Antiquity of Fermentation. —Tlu? process of fermenta 
tion, with its accompanying plienoinena, was evidently known at 
a period long antecedent to that of which we have any historical 
record, for the earliest know'ii writings distinctly show that, at tlic 
time they w’ere composed, not only was tlie comparatively siinjilc 
method by wdiich wine is produced from the grape in full oj era- 
tion, but that the more complicated processes by which fermenioil 
li(luors are made from barley and other cereals were also in com- 
mon use. The ancients knew, also, how to mainifacture vim-^mr, 
a substance produced by submitting an alcoholic licpiid to a suhsc- 
(luent fermentati<tn of an entirely dillerent nature. The piau tical 
application of fermentation to bread-making also dates from a very 
early period. 

Beer, and the employment of barley in its manufacture, ;ire 
frequently mentioned in tlio ancient Egy|>tiau papi/n’. For in- 
stance, the Westcar Paj>yrus,^ now in tin; lierlin Museum, contains 
frequent allusions to beer and barley b(;ing given as presents to the 
living or as olferings to the dead. This papyrus w'as most jno- 
bably written in the twelfth dynasty, and the tales it contains were 
presumably folklore at a j)eriod long antecedent to this ; without 
doubt, they date back to several thousands of years l)oforc the 
commencement of the present era. It is impossible to say what 
the nature of the beverage brewed from barley in these days was, 
but that it was a liquid, and not a semi-solid article, as lias I'ceii 
suggested, is shown by a remark whicli occurs in the bher" 
Papyrus, where directions are given to infuse a certain quantity 


of a particular herb in a certain quantity of beer. 

Although the ancients possessed an extensive practical know- 
ledge of fermentation, and though >ve cannot hut feel certain tha 
many an intidligent individual, even in those primeval times, niu-’ 
have Ijceii struck with its singular and almost mysterious atten<lau 
phenomena, anil have been induced to reflect on the subject, 
only in comparatively recent times <lo we find attempts inane 
give a theoretical explanation of the process. One of the 
known instances of this occurs in Idiny’s “Natural History, 
which a definite statement is made that the fermentation of no'|fj^ 
in bread-making is eirechnl through the instrumentality of an a 


* For an exceedingly interesting translation and account of this 
see “Egyptian Tales” (First Series), by W. M. Flinders Petrie. 

a8o 
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body. As history progresses, however, we meet with frequent 
references to the theoretical aspect of the subject, in which opinions 
of the strangest and most varied nature were propounded from 
time to time, and which were materially influenced by the pre- 
vailing phase of chemical theory of the period in which they \vere 
enunciated. 

Views of Fermentation during the Period of the 

Alchemists (about from 350 to 1525 a.d.). — After the fall of 
the Roman power the seat of science became transferred to Arabia. 
During the earlier portion of the period which we have under 
discussion, the Arabians devoted their scientiflc energies chiefly to 
observing and recording natural phenomena, as well as to making 
experiments, and even now we must regard with astonishment the 
vast and varied amount of knowledge accumulated by this people 
at that remote period of history. Already in the eighth century 
Geber taught the method of preparing vinegar, and in the eleventh 
century Alzaharavius knew how to separate spirit from a fermented 
liquor by distillation. Traces of this knowledge are still met w'ith 
in our common orthography ; many of those words which begin 
with al, such as alcohol, algebra, alchemy, Ac., are derived from 
the Arabic, and were expre.ssions evolved during the period of 
which we speak. 

This period of observation and experiment was succeeded by 
that of alchemy ])ure and simple, and though it was an age of 
scientific error, still it was one in wdiich much experimentation 
took })lace, and this led to the compilation of an enormous mass of 
chemical facts, as well as to the di.scovery of many new bodies. 
As astrology was the precursor of a.stronomy, so may alchemy be 
regarded as the foundation upon which the science of chemistry 
was subsequently built. The alchemists fondly imagined that it 
was possible to find a substance, vaguely termed “ The Philo- 
sopher’s Stone,” which would bo able to turn the baser metals into 
gold, to heal every disease, and confer omniscience on its possessor. 
Led by the pursuit of this chimera, thousands of the best minds 
in Lurope expended their skill and energy for centuries, and per- 
lornied countless numbers of experiments for the furtherance of 
this vain object. 

Ill the writings of this j)eriod we ofUm meet with the expres- 
sion fermentatio^ but it seems used in a somewhat vague way, and 
appears to be frequently employed indiscriminately with the words 
^ and putrefaction Any chemical reaction which was accom- 
panied by external phenomena of a marked character, such as 
® ervescence, was called a fermentation. The action which ensues 
V len an acid is poured over chalk was called a fermentation, since 
was accompanied by the copious evolution of gas. No 
pi however, was made between the reactions wliich took 

inorganic lx>dies and those which occurred between 

substances. 
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The word “ferment” is also frequently met with, and seems 
to have been similarly used in a vague and dubious sense. Most 
frequently it appears to imply a substance capable of exciting some 
kind of germination, and generally seems intended to denote a body 
endowed with the power of causing a metamorphosis {transmutatio) 
in other bodies. The “Philosopher’s Stone” was even looked upon 
as a kind of ferment, which was to set up a fermentation in thi' 
commoner metals, such as lead or quicksilver, and, as it wore, 
awaken in them that dormant germ which, when aroused, should, 
by a species of germination, ennoble those metals, and finally cnii- 
vert them into the nol)lcst of metals — gold. The view that the 
process of fermentation had a jiurifying and elevating effect on the 
bodies which had been submitted to its influence seems to have 
been held not only In' tlie alchemists, but also by the philosopluMs 
of a later age. Thus Jlasil Valentine, in the fifteenth century, ooii- 
sidered that when yeast was added to w'ort an internal inflam iiiatinn 
was communicated to the liquid, which determined a perfection and 
separation of the clear parts from th(‘ turbid. Tlie fact that alcohol 
was ])resent in a fermented w'ort w'as well known to liim, l)ut he 
imagine<l it to liave ])een |>re-existent in the decoction of germi- 
nated l)arley, ami that by fermentation it was freed, as it were hy 
a refiner's fire, from all the contamination and inq)urities which 
accompanied it, and w’hich had hitherto prevented it from o.xliihit- 
ing its true p)roperties. This was supposed to be the reason why 
alcohol could not be obtaine<l Iry distilling the wort before it had 
undergone fermentation. It was lield back ))y its accompanying 
impurities ; when freed from these, it could be obtained by dis- 
tillation. 

Basil Valentine may be reganhsl ns the last of the alcdiemisls, 
for, at the time he lived, knowledge of the facts of nature had 
progre.ssed Uj such an extent that philosophers could not lielp pt'^ 
ceiving the utter futility of their .search after the “ Pliilosophri s 
Stone,” and wlien this came to be fully recognised, they began tn 
turn their efforts in other directions, where tlujre seemed to ^ 
greater probability of their being n'warded with substantial results. 
The Period of latro-Chemistry.— During this period, 

which immediately succeeded that of the alchemists, science was 
regarded as being merely subservient to medicine, and the investi- 
gations which were undertaken during this time kept this particular 
idea in view. Fermentation seems to have largely occupied the 
attention of scientists, and we. find many now hypotheses proper'' 
for its explanation. 

Libavius (1595) no longer regarded digestion and fermentatioi^ 
as the same, but as allied processes. He was of opinion that ^ 
ferment must have a close natural relation to the fermentable bo< h 
he also showed that a lx>dy will not ferment unless it is in a s 
of solution or of fine division; he also noted the effect of ^ 
perature on fermentation. 
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In 1648 Van Helmont published several works on fermenta- 
tion. His views on the subject were of the most remarkable 
nature. He considered that not only were all such purely chemi- 
cal phenomena, as the effervescence which ensues when an acid is 
poured on an alkaline carbonate, processes of fermentation, but that 
every physiological action carried on in the animal economy, such 
as the formation of intestinal gases, the formation of the blood 
itself, &c., were similar processes, and even that small animals could 
be formed by its agencyd Amiilst these extravagant views we find 
others of a more reasonable nature, as, for instance, that in which 
he states that out of the ferment something passes into the fer- 
menting fluid which grows in it as a seed vegetates in the earth, 
and through its agency the fermentation is brought about. This 
is to a certain extent in agreement with modern views of the sub- 
ject, and had Helmont discov(*red the fact that it was the ferment 
itself which grew, and thereby caused fermenhition, he would have 
anticipated the modern view' of Pasteur. Helmont also recognised 
the fact that the escaping gas w'as an entirely different substance 
from the alcohol left behind ; and that this gas, w'hich he calls 
“gas vinorum,” w’as derived from something which, without fer- 
mentation, would have appeared as carbon. 

Sylvius de la Boi', in 1659, distinctly perceived the marked 
difference in the nature of the two processes, fermentation and 
the effervescence wdiich occurs on the addition of an alkaline car- 
bonate to an acid. He says that though an evolution of gas occurs 
in both instances, in the former case the compound acted upon 
suffers decomposition ; in the latter, a new’ compound is formed. 

The views expre.ssed on the subject of fermentation in the 
writings of Becker show' a marked advance on those of his pre- 
decessors. He points out that fermentation can only be induced 
in sweet liquids — that the alcohol is not pre-existent in the fer- 
mentable fluid, but is formed during the fermentation. He regards 
fermentation and combustion as analogous processes, a view wdiich 
hns only been abandoned in quite recent times. He seems also to 
have had an indistinct idea that the presence of air w’as necessary 
to fermentation. According to his views, there are three distinct 
hinds of fermentation ; the first that which we call now effer- 
vescence, the second the alcoholic fermentation, and the third the 
^cetic fermentation. He looks upon fermentation and putrefao- 
’on as similar but distinct processes, and distinguishes them by 

snail believed that the effluvia arising from morasses produced frogs, 

gives* f^^"***’ more curious is the receipt which he seriously 

neces P*‘*^uoing a pot of live mice. To effect this, he says, it is only 
shirt mouth of a pot containing a little com with a dirty 

effects j evolved from the shirt, imxiified by the odour of the corn, 

iiiice three weeks’ time the transformation of the corn into live 

Qpased Helmont, who states that he h.aa actually wit- 

P"®*ionienon, are born full grown, and of both sexes, and that, in 
continue the progeny, it is only necessary to pair them. 
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the character of their prcxlucts ; in the first case the substance is 
improved in its nature, in the second it is deteriorated. He made 
the important observation that the juice of grapes, the skins of 
wliich had not been ruptured, never entered into fermentation, 
and this he considered to be due to tlie fact that the juice never 
came into actual contact with air. He recognised the fact that 
alcohol and salt of tartar, when present in sufiicient quantity, 
impeded and finally arrested fermentation. 

Willis, an English physician, who wrote in 1659, attributed 
much importance to fermentation ; he considered that all the ])ro- 
cesses carried on in living bodies are caused by its agency, and 
that diseases are caused by fermentations which Inive deviated 
from their e)rdinary healthy c<mrse. He reganls a ferment as a 
body which is al)b‘ to c-jinmunicate a portion of its own internal 
movement to another body, and thus to induce in it fermentiilhtn. 
This view of the subject, which is known as “ the mechanical 
theory of fermentati<»n,” afterwards, witli certain (‘laboraliuns, 
formed the basis of the theories of Stahl and Liebig. 

Views on Fermentation during* the Age of the 
Phlogiston Theory. — With the enunciation of the tbeerv of 
phlogiston by Stahl in 1697 then* commenced a new (ua in }diilo* 
Sophy. The chief merit of Stahl ami his school was that tbev no 
longer cultivated science as a subject dependent (»n si)nie object, 
but for its own sifke alomc Natural idienommia were no lousier 
investigated in tlie light of their utility or otlnu wisi* to iniinkiiiJi 
but simply in order that n(‘W tiiitlis might be establislnah 

The doctrine of phlogiston, which was propounded hy Stahl to 
explain the phenomena of e(»mhustion, dominatcMl the scieiitilic 
worbl for a very long period. According to this theory, e\ei} 
cornhustihle suhstance was a compound of phlogiston and 
other body. The phenomena of c(mihiistion in a l>ody w«>recau>o( 
hy the escape of the [)}iIogiston which it c(»ntain«Ml, ami the iicic'^ 
this livj)othetical suhstance entered into its composition the iuc'i« 
combu'stihle was that l)0<ly. Such a highly cornhustihle InHly as 
alcohol was suppo.sed to conhiin a large amount of phlogii? 
The a<lherents of the theory w<*re well aware of the fact tba 
weight of a de[>lilogisticated body was often greater than 
weight, and they sought to explain this anomaly hy assuming 
phlogiston was a body po.ssessing negative gravity, and that, 
every other body in nature was attracted to the earth hy t m 
of gravitation, it was repelled. CoiiHefpiently, phlogiston, ^ 
present in a suh.stance, tended to buoy up and render it 
hence, after its escape, the substance, became heavier. I 

Stahl paid niiieh attention to the subject of 
recorded liis peculiar views on it in a work, Zymoterhmea 
menialis^ which was, however, only published after 
He regarded fermentation and putrefaction as analogous 
and considered that a body wliich is itself in a state of pi> * 
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can rsadily cause another body, capable of undergoing a similar 
change, to assume a like condition ; such a body, itself in a state 
of active internal motion,^ can readily communicate this motion 
to another body, which, though its particles may be at present in 
a state of rest, are easily set in motion. Stahl seeks to explain the 
reason why bodies are produced during fermentation which differ 
from those originally present in the liquid by assuming that the 
ultimate particles - of which the original substances were composed 
(salt, acid, combustibh' substance, water) are first disassociated by 
the internal motion excited by the ferment, these then re-combine 
to form more stable compounds, in which the same elements exist, 
but are combined in difierent proportions. If the fermentation 
took such a direction that the combustible particles predominated 
in the newly-formed body, then it was an alcoholic one ; if the 
acid particles predominated, then such a fermentation was an acid 
one. For more than eighty years the views of Stahl were held by 
the members of the scientific world, amongst whom we find some 
of the most honoured names ; and though mollifications were pro- 
posed from time to time b}’’ his immediate successors, they were 
of an unessential nature. One of these, enunciated by Boerhave, a 
celebrated scientist and physician, was, that substances of animal 


origin alone were capable of undergoing putrefaction, whilst those 
derived from the vegetable kingdom were alone capable of entering 
into fermentation. A Gt?rinan chemist, Wiegle^lj endeavoured to 
show that the products of fermentation were already present in 
the liquid before fermentation, but this was merely a return to the 
older doctrine. An attempt was nnnh* to obtain a more intimate 
knowledge of the nature of fermentation by a study of the gases 
which were evolved during the proce.ss. The English chemist 
Cavendish, in 1766, not only established tlie identity of the gas 
evolved during fermentation with that evolved when an acid is 
^ded to an alkaline carbonate, but also actually measured the gas. 

e found that when 100 ])arts of sugar were fermented, 57 parts 
0 carbon dioxide were evolved ; and this may be looked upon as 
le hrst experiment in which an attempt was made to quantitativelv 
es imate the products of fermentation. 

Fermentation during the Period of the 
ounaation of Modern Chemistry.— The distinguisheil 

^ Lavoisier, who was born in 1743 and died in 
and^i founder of modern chemistry; he 
sonhv^^ ^'ssociates effected a complete reform in chemical philo- 
jj and in this way effectually banished the theory of phlogiston. 


previous'one ** motion of the p.articles of a Iwdy,” and the 

vibration of th not be confounded with that mmiern view of the 

spealcini? of fU ^ atoms of matter, as we now understand it, when 

2 th® mechanical theory of heat. 

them at ^ *'®m«mbered that at this period the elements, as we regard 

present day. were unknown. 
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The doctrines of Stahl and liis school, both on this subject and on 
that of fermentation, then gradually fell into oblivion. By the ex- 
tensive application to his work of a systematic method of measurinf. 
and weighing, as accurate as the means at his command would 
permit, Lavoisier introduced methods of precision into the doiimin 
of cliemistry which had been hitherto unknown. He determined 
tlie relative proportion of the elements in water and in tlie atiiios- 
})here ; discovered the important part played by oxygen (which 
element had been previously discovered by Priestley in 1774) in 
the process of combustion, and this had a profound inlluence uu 
the views then held with regard to the phenomena of fermenta- 
tion ; he also showed that oxygen was absolutely necessary for the 
acetic fermentation. He paid considerable attention to the subject 
of fermentation, and estimated quantibitively the elementary coiu- 
j)osition of sugar and alcohol. By weighing the sugar introduced 
into a li(piid |)revious to fermentation, and estimating the resjK!ctive 
quantities of the alcohol and carbon <lioxide formed during tliat 
process, he found that the weights of these two latter bodies when 
added together were equal to that of the original sugar, and hence 
came to the conclusion that, in fermentation, the sugar w.as sinijdy 
converted into alcohol and carbon dioxide. Though the figures 
lie obtained are now known to be far from accurate, this canimt 
be wondered at when w’e consider the primitive nature of the 
apparatus at his command, and it was only by a singular series of 
compensating errors that he (ditained this result. He believed 
that the yeast su tiered no chemical change in the process, for, 
as the whole reaction was explained quantitatively in the above 
manner, he did not see any place for the participation of the yeast. 
In his first formula, published in 1789, Lavoisier does not sccui 
to have regarded the formation of acetic acid, which body he in- 
variably found to be produced in all his fermentations, as an essen- 
tial part of the process ; afterwards, however, ho came to a dillereiit 
conclusion, and propounde<l formiil® in which the formation 0 
acetic acid also was accounted for. Fermentation from his i)oint 
of vie>v being purely a chemical process. In? regarded sugar as an 
oxide, which during fermentation was split up into two other 
oxides ; the one (carbon dioxide) richer in o.xygen, the otlier 
(alcohol) poorer in this element. . , 

The next important theory on this subject was advaucee } 
Fabroni in 1787, and this excited great attention at the tinie 
it was jiropounded. Fabroni, who regarded fermentation ^ 
purely chemical proce.s.s, considereil tlnit yeast was very 
allied in nature to the gluten of plants, and he demonstrate* _ 0 
experiment that fermentation could bo induced in a 
liquor by the addition of gluten. He also proved experiment-^ 
that fermentation could not be induced in uninjured 
drew from this the correct conclusion, that, in order that 
tion may be induced, the ferment and the fermentable boc } 
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be ill actual contact. He imagined that the carbon dioxide gas 
evolved during fermentation was evolved from the ferment, and not 
from the fermenting substance; also that the alcohol was not pre-exis- 
tent in the fermented fluid, but only arose during the distillation. 

Although many chemists continued to turn their attention to 
the phenomena of fermentation, nothing of a particularly important 
nature was contributed to the subject until we come to Gay-Lussac, 
who propounded a fresh theory. In this, he considered that oxygen 
was the sole cause of all fermentation phenomena, be they those 
of the alcoholic fermentation, of putrefaction, or of decay. Ac- 
cording to his view, fermentation was caused by a body which, 
though not itself possessed of as much stability as the fermentable 
matter present in the solution, was acted ui^on by oxygen, under 
the influence of which its particles were set in motion. This 
motion being communicated to the particles of the other and 
more stable body, they were likewise set in motion, and thus 
the whole body was brought into a state of fermentation. Gay- 
Lussac performed many experiments which seemed to fairly prove 
his conclusions. In one of the most important of these, he enclosed 
some uninjured grapes (after having wasluxl them in an atmosphere 
of hydrogen) in a vessel, which was then filled with air-free mercury. 
The grapes were then jiressed in such a way that the grape-juice 
did not come in contact with air. The juice obtained under these 
circumstances did not enter into a state of fermentation, whereas 
it was notorious that when grapes were expressed in the usual 
manner in the presence of air, the juice speedily fell into a state 
of active fermentation. 'When, however, tlie smallest (piantity of 
pure oxygen was admitted to the grape-juice floating on the surface 
of the quicksilver in the former case, fermentation speedily com- 
menced. The well-known action of sulphurous acid in arresting 
fermentation also lent a powerful support to this theory. This 
iicid has a powerful aflinity for oxygen, and its marked eftect on 
the process of fermentation was attributed to the complete manner 
m which it removed the oxygen from the fermenting fluid. A 
method for preserving provisions had been introduced to public 
notice by Appert about this time (1810), which apparently added 
considerable weight to Gay-Lussac’s view. By tliis process pro- 
visions of the most varied nature, such as soups, meat, vegetables, 
wc., were preserved for an indefinite period by enclosing them in 
^ perfectly air-tight vessel which wms subsequently exposed for a 
certain length of time to tlie tempemture of boiling water.^ The 
niethod is very similar to the one of which such frequent use is 
niade at the present day, and l)y means of which much valuable 
^0 18 imported from distant countries. 

th n ^ sought to explain the rationale of the process by assuming 
he small quantity of oxygen present after the vessel had been 

ProDo^'i similar process for the preservation of vinegar had been 

by the celebrated Swedish chemist Scheele in 17S2. 
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sealed up combined with the substance contained therein, and being 
in this way withdrawn from tlie sphere of action, was not permitted 
to exercise its power of inducing fermentation. Another curious 
fact had been observed which seemed to add considerable support 
to Gay-Lussac’s theory. A bottle of grape-juice which had been 
preserved for a year by Appert’s process was uncorked and trans- 
ferred to another bottle, when it soon fell into a state of fermenta- 
tion. It was supposed that the fermentation was caused by the 
short contact of the Huid with the oxygen of the atmosphere which 
took place during its transference from one vessel to the other. 

Tlienard, to whom we owe some important contribution.s to the 
science of fermentation, framed tlie following theory on the sub- 
ject, in which oxygen played an imj)ortant part. lie assumed that 
the yeast withdrew oxygen from the. sugar, and in this way eUected 
its conversion into alcohol and carbon dioxide, lie also ileinoii- 
strated the incorrectness of the theory of Fabroni, by showing that 
puritied gluten was unable to excite alcobolic fermentation in a 
saccharine fluid. 

In the meanwhile, from the tiim* of Lavoisier to that of (lay- 
Lus.sac, chemical ai)paratus lunl be(*n considerably improved, ainl 
chemists were enabled to obtain muoli more accurate analysef- of 
many of the commoner organic subsiances met with ; amongst these 
were alcohol and sugar. It w'as also shown that alcohol was pre- 
sent in the fermented fluid Ixdore di.stillation, a matter on which 
some uncertainty had previously prevailed. After studying the 
composition of tlio substances taking part in the process of fer- 
mentation, in the light of the more correct knowledge of their 
actual compo.sition, and <lrawing his deductions from a consider 
tion of the dccompo.sition which ouglit to occur ratlier tluui hv 
direct experiment, Gay-Lus.sac was led to propose the following' 
.formula for the change wliich takies place when sugar is subjected 
to the alcobolic fermentation : — 


= 2CO. 4 
Sugar. Car1x»n dioxide. 


2C,II„0 

Alcohol. 


Tbi.s formula is found in tbe text-books of the present day, :uul 
so near the truth that it is tbe. one we now invarial)ly cinph)) 
when we rerpiire a sliort and comrise exjmt^ssion for tin- reaction 
which takes place during tlie alcoholic fermentation of sugiU’- 
Letweon the time of Gay-Lussac and Lieldg, fermentation con- 
tinned to engage tbe attention of many men of science, and vano’‘^ 
views were })ropoiinded hy Trommsdorf, Foucroy, and othei^ 
Amongst these, Kamtz exj)rcpsed the peculiar view that fernion J 
tion was an electrical phenomenon, that sugar formed the 
and the yeast the positive element in an electric couple, and, 
the influence of tlie electric tension, the sugar was split np n‘ 
the negatively-electric carbon <lioxide and tlie positively-t^’iec ^ 
alcohol. Berzelius invented the name catalysis " to 
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number of phenomena which it was not possi 1 )Ie to account for at 
that time by the ordinary laws of chemistry. The characteristic of 
such a l)ody is the power wliich a small quantity possesses, witliout 
itself undergoing any cliaiige, of inducing a chan-e in’ a lar<-e 
quantity of another substance. He sought to explain the process 
of alcoholic fermentation l)y assuming that yea.st Avas a substance 
endowed Avith an immen.se catalytic i)OAver, in virtue of Avhich it 
Avasable to set up decomposition in large <piantities of a ferniental)lc 
body. With the progress of time many of the processes which 
Avere referred to catalysis by Berzelius have found their true ex- 
planation, and the u.se of the Avord is noAv all but al)andoned 

The Views of Liebig* on Fermentation. -We now come 

to the theory of Lie))ig, i)ropounded in 1830, that ruled the 
scientilic world for tiiirty yeans, and which has i>ndoubtedlv much 
in common with that proposes! l)y Stahl a humlred years ^l)efore 
In both these theories the hnanent is regarded as a body which is 
itself in a state of decomposition, ainl Avhieh is able to communicate 
this peculiar staUi to other bodies of a more stable nature; it is 
in fact, a sort of infection. Both theorists assume the hypothesis 
that the smallest particles of a decomposing l.odv an; in a stati* of 
nioyement, and that when such a body exists ‘'in solution alomr 
with another body, also to .some extent of an unsta1)le nature, the 
hn’iner is able in communicate this motion t<. the latter. Jhu'seh,^ 
in illustrating the action Avhich, according to this theory, takes 
place during fermentation, mentally pictures a single snowllake 
winch commence.s to roll doAvn a mountain-slope covered Avith 
snow. In rolling, it carries along Avith it another siiowtlake, and 
ie.se in turn communicate motion to ntlicrs, until at last the Hakes 
set in motion are .so nnmerous that an avalanclie is the result, 
collective energy of the enormous nninber of 
niTr it is made up, is capable of exhibiting the- 

actn the decomposition 

tranV.^ plivee in the smallest trace of a ferment mav be 

nanmu- occasion the decom[>osition of, almost unlimited 

^ ^^‘r^icntahlo substance. This vicAv also vielded a 
centim of the well-known fact that an alnn>st imper- 

aiuount'nVT^ fewment away an intinitelv larye 

‘‘“lount of fermentable matter. ‘ ' 

of tlm propo.seil this action as an (‘xplanati(An 

tliat it fermentation, Lielug endeavoured to shoAv 

cheniicnl ®^®^’cly one of the ordinary manifestations of the 
^’oalnis of common to the inorganic as Avell as the organic 
brought foi'Avard innumerahle examples 
Platinum t? ^ instance, as the solution of 

Vdro(ren *^^^**^^ 

''dth iii-inv IV f^bition, which, Avhon brought into contact 
y ^letallic oxides, not only gives oft' its oavh oxygen, hut 

■^ie Ifefe u, d, Oahntng8‘£nchfinm\f/cn, i. 2 S. 

- T' 
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also induces the metallic oxides to yield up a portion of their o^vIl 
oxy^fen ; the action of nitric oxide in the manufacture of suljduiric 
acid, Ac. lie also adduced the action of enzymes, which at tliat 
time were all classed together umler the category of ferments, uikI 
considered that when a true explanation of the action of these 
should be found, it would also elucidate the jiction of the organised 
ferments. Bodies of an explosive nature were also adduced ; thesi! 
have their particles in such a loose state of combination, that 
moderate heating or a slight blow causes their sejiaration. lie 
held that, to a certain extent, the fernnmtable bodies were similnrlv 
constituted, their partich's only being held together by the “hirrc 
of inertia,” or, as we sliould now .say, by a weak cdiemical allinity. 
The slight impulse given to such compounds by the. fernieiils 
sutliced to upset their equilibrium, and to induce in them a decom- 
position of a natun; somewhat akin to an explosion. 

Certain obs(*rvatinns wliich had bi’cn made before Liebig’s time 
lent an ut)parent conlirmation to this vie.w of the nature of feriiicnls. 
Thenard ha«l sh(»wn that yeast, when left to its(df in a moist cim- 
<lition, rapidly fell into a state of putrefa<.‘tion ; Colin had found 
that yeast dimirnshed in ([uantity during terinentation ; Dohcrcdm i' 
had di.seovered that ammonia was produc«‘«l during fermentation, and 
the formation of this substance is an almo.st invariable concoiuitant 
of the putrefaction of nitrogenous (»rganic matter. In the two 
latter cases the facts (observed were only true under certain condi- 
tions, and tlu‘y never occur when a fermentation pursues a iiermal 
course. Liebig considered that fermentation, putrefacti<m, and 
<lecay were all < aus«*d in the same manner; b'rmentation was (Uilya 
s|)ecial case of putrefaction, in which th<‘ oxygen of tin? atinosjdimv 
co-operate<l, and in wliich tlui fermentalih^ body was a nitrogen-fme 
substance, just as the formation of acetic acid in the manufacliuv 
of vinegar might be regarded as a putrefaction of alcohol. 

Tlie fact that yeast was a living organism was to Litddg ;i 
matter of inditrerence ; he considered it mendy an accidental cir- 
cumstance, and that its growth and other vital jihenomcna 
in no way concenn;d with the jiroia'ss of fermentation, he 
adduced in su)»port of this argument tin* jinxluction of acetic acid 
from ahudiol, whi^.h could readily bo etfected without the 
vention of a living organism body. 

In later times, wlien the views of Ba.steur bc'gan to meet witli 
some acceptance in Germany, Liebig brouglit forward the folk''' 
ing obj(!ctions to them in a lecture didivered before the Ilavariai' 
Academy in 1868. He contended that, us all yeast contained j 
large amount of proteid matter, of whieh sulphur is an csseii 
constituent, he could not conceive that, as liad been asscidcd I 
Pa.steur, yeast multiplication eould take, place in a soluti'Hi '"’j 
Misting solely of water, sugar, ammonia, and “phos])hates.” ' j 
the inerea.se of yeast new prf)teid matter must be formed, 
was impo.ssible in tlie imtiro absence of sulphur. Pavstcui 
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however, when lie spoke of “phosphates,” meant tlie ash of veast 
and this contains a notable amount of sulphates. OI,ie,.ti„„ wis 
a so taken to the reason assigned by Fasteur for the disaiMie irancc 
0 the aiinnonia, who regards it as being utilised in the f, riuation 
of now proteid substance; Liebig aIHrmed that it became converted 
into amuionio-magncsium phosphate, ami as such was iireeipi- 
tatod and withdrawn from observation. It has, however been 

This was followed, in 1870, by a series of articles in the 
Anmkn der Chemie uwl Pharmado., in which I.iebi- ridterated 
113 former objections, and ma.lc a strenuous elfort to overturn the 
theory propounded by Pasteur. At the same time considerable 
concessions were made; Liebig not only no longer denied that 

r.t “'’I'T!*' of fermentation, 

but also completely renounced bis i>rcvious theory of i8to. Stil 

he attemiited to explain tlic iirocess in a tvay which should to some 
extent resemble his previous theory. In this he assumed that 

joast-ctll an enzyme, similar to diastase or invertase, which had 

amuiirtiif i»to alcohol and carbon dioxide 

a ml that the only correlation between the phvsiologieal act and the 
phenomena of fermentation is the production in the living cell lA 

:/tt mm:r"”Tt’ 'leo,mrpo.:iti:i! 

] t tie sugar. The idiysiological act is only necessary for the pro 

Sri'" Sr f'""’ ->-ned 4h 

of fermentation.^ He dl^l [^.873 ''^ '-•^^‘>t>'>'>'>tioii to the subject 

Fermentation.-.V new theory of 
trmentation was enunciated by Traube in 1858.2 According to 

^ osel? aili^T^ composition, beino 

fonientatim, ^'’c'l'cd in the interior of each 

‘ho peculiar nroSrT'“Vt\ "''' endowed with 

mole«ilar' 4 oiw ol f "I' ""''.ySC" from one portion of the 
another portion blit tl ‘“'d transferring it to 

’'y previiw oh ’ ^ ^ "* nmmier suggested 

enzymes or ovc hodies. He diviiled these supposed 

absorbed free‘lfv"en'‘*“T.’"‘'°f‘''’'’T"''‘’'''’"’ '■'‘® 
the conversion of at nnd transferred it to another laxly, as in 
I’erformance of «cetic acid; eonsei|uently, for the 

free oxvaen ^ Th required the presence 

^nrynies,” were' sunn “'ff'U'roup, which he called “reducing 
8 belong the r ' “^rygen, and to this 

the latter he 'sum ° "i In order to explain the action 

' See A 'e . '^**'‘*' lormeiitalile bodies consisted of two 

^ Thcorie dcr Fcrmcntivit'Xuwfr n, Berlin. 
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molecular groui)s, the former of which had an aflinity for hydrogen^ 
and as the enzyme liad an affinity for oxygen, the two, acliii<r 
conjointly, were able to tear asunder a molecule of water. The 
liydrogen of the water passed to this first molecular group, and Die 
oxygen to the enzyme, and this constituted a true reducing actitm. 
The first group was the one wliich became alcoliol in tlie alcoholic 
fermentation. The stMamd molecular group possessed an affinity for 
oxygen, and this was satisfied by tin* oxygen that the enzyme hud 
torn from the molecule of water, and which it now yitddcd uj) 
to this grouj) ; this in tlie alcoholic fermentation became carlxm 
dioxide. During the course of this acti^ tlie enzyme was not 
deslroyt'd, but simply acted as an internwdiary agent. As tlu' 
oxygen, according to this theory, was entirely derived from water, 
this }»articular class of fermentation was able to proceed in tin* 
entire absence of free oxygen. 

The Physiological or Vital Theory of Fermentation. 

— During the period we have just been discussing, tin' vii-w tliai 
fermentation was intimately connecteil with tin' gonvth and di' 
v»'h»}inn*nt of the y(‘ast organism had steadily been gaining groinul 
amongst investigators; but owing in gncit measure to tin* va>t 
authority of Idebig at that time, it was discreditctl, and even 
ridiculed, i 

Yeast was examined for the first lime mieros('o])i(‘ally, audits 
orgaiiiseil struetuie recognised, l>y Leeuwcuihoek in 1680. Ih* 
fouinl lliat it consisted of spherical bodic.s, wlnddi In* was, howevei, 
unahle to distinguish from starch-cclls ; but ^ve cannot wi'iiderat 
this wlien tin; nnliiinMitary form of the first microscopes is taken 
into account. 'I'ln nard, at tin* bf'ginning of tin* present ci nturv, 
expressed the view that yeast w:is of an animal nature, l)Ut lu 
only arrived at this ('<inelusion <jn purely cbemieal grounds; in' 
found it was extremely rieli in nitrogen, and ii*sembled in this 
iespe(!t the composition of animal bodies. In 1818 Krxlcben, after 
cx.'imining yeast under tin* inieros(*ope, definitely pronouneed an 
opinion that it \v;is of a vegetable nature, and that it hn 


* A curioijK citiK-n of thin f<»rin of aarc.^Htic ridicnlr, whicli undciibtolly 
catiie from tho incihivu pen of wjih iniljlished in tlie Atnt'ihii [[' 

Phnrmncic (vid. xxix. p. ICX)), one of the firnt ami most siriotis scicntitic 
peri^KlicalH <»f that day. The writer professed that he had exaniiiud 
yeast nncler the microscojie, andifonml it to consist of an infinite ^ 
of minute spheres, which, %vhen placed in a solution of sugar, were foinx 
be eggs, for they rapidly developi d into little animals having the 
of an alembic without a receiver. That which resembled the tube ei | 
helmet wa.s a kind of trunk covereil svith long hairs. Though no jj! 
eyes could l>e seen, a /'tomach, digestive canal, and urinary system wt-n 
tinctly visible. These exceedingly voracious beasts greedily Iv 

sugar, which, after undergoing digestion in the stomach, was excreted p 
as alcohol from the digestive tract, ami partly as carbonic acid by j 

system. Huch was the voracity of these little creatures, that they 
and excreted in eighteen hours sixty-six times their own weight o 
When all the sugar had i)eeii eaten up the animals perished, leaving ^ 
them a plentiful supply of eggs, and these constituted yeast. 



VITAL THEORY OF FERMENTATION. 


293 


re<farded as the cause of fermentation. In 1822 Persoon micro- 
scopically investigated the him which occasionally ai)i)ears on 
wine and found it to consist of cells very similar to yeast-cells. 
Desniaziorcs, in 1825, conlirmed this observation, and considered 
the two sets of cells to be very nearly allied organisms ; he, how- 
ever, believed them to be of an animal nature. About this time 
it began to be generally concedeil that yeast consisted of vegetable 
organisms. Cagniard de Latour, in 1835, made an exhaustive 
e.xamination of yeast under the microscojie, and found it to consist 
of minute spherical organisms, which reproduced themselves by 
means of buds. The appearance of yeast growing in a fermentable 
huid is given in tlie accompanying figure (Fig. 45); in this, yeast- 
cells in various stages of growtli ami develo[tment may be seen. 

As these organisms did not e.xhibit any power of movement, 
Latour considered tliat they w.-re of a vegetable nature, lie did 
not, however, com[)letely abandon the old ideas, but lield that in 
some cases oxygen might 
be the cause of ferinen- 


tation. In 1838 Turpin 
formulated the vital 
theory of fermentation. 
He said: “Fermentation 
as ellect, and vegetation 
as cause, are two things 
inseparable in the decom- 
position of sugar.” About 
the same time Kiitzing 
and Mitscherlich, imh?- 
pendently of one another 
and of other observer.s, 
came to the conclusion 



that beer-yeast consisted 

of organisms which were intimately connected with fermentation, 
though the latter considered that the organisms only acted by cata- 
lysis. It liad now been decided by the majority of investigators 
that yeast was a vegetable organism, and live question arose as to 
what position should be a^ssigned to it in that kingdom. To some 
^t appeared to be a fungus without mycelium, to others it closely 
tesembled the Alrfie. While Turpin regarded the organisms as the 
spores of plants belonging to the genus 7 \n'nla of Persoon, Meyen 
considered that yeast was a fungus, and created for it a new genus, 
be Saccharomycetes ; this name was also adopted by Reess, Engel, 

Kiitzing, who regarded the ferments as Ahjn\ arranged tliem 
in a separate genus of that class, which lie nametl the Cryphron'i, 
ater ori we shall see that the yeast organism is ca}>able of rejiro- 
ncing itself by spores, and now it is generally conceded tliat it 
to the fungi. 

* e now come to the important work of Schwann, carried out 
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during 1836-37, for with it commenced the real solution of the 
question. Though undoubtedly he arrived at his conclusions at 
a period subsequent to that of ErxlelKUi, Latour, Ac., yet it must 
1)0 placed to his credit that he not only stated the proposition tl)at 
fermentation was due to the presence of living organisms, but lie 
also i>roved tlie correctness of his views l)y a number of the nmst 
ingenious experiments, ^fany years after the ])ul)lication of the 
experiments of Scliwann, we see them rej^eated in almost tlu' same 
way, and with the same results, hy Tasteur. It was, ho\v(‘vtu. 
reserved for this latter investigator to obtain general acce|)taiice 
for the vital theory of fermenUition. 

The Doctrine of Spontaneous Evolutlon.—At the time 

Sehwanii carried out his investigations, this doctrine, which assiniicil 
that it was jtossible for living organisms to be di'veloped out < [ 
lifeless matter 'without the intermediate agency of eggs, soctls, i i 
germs, was (Uigaging the serious attention of tlie scientific worlil, 
which it divided into two gre:it parties, the one aflirming that 
living organisms conhl originate from lifeless matter, the otlmr. 
that this nev<!r occurred. It was with a view' to .solving this 


problem that the experiments and observations of tScliwann wme 
undertaken. The well-known fact that an animal or vegotahh^ 
infusion, wlum left to itself for a time, w’as invariably foiiml to 
teem with living organisms, scanned to giv(» some w’eight to th(‘ 
Opinions of the upholders of the tlieory of spontaneous evolution: 
and as these organisms w'erc; of the .simplest nature, an invc'stigi- 
tion int<» their origin and dev(;Io]>ment seemed to be ])eLuiiarlv 
adapted for the solution of the proi>lem. 

8ome very curious «»pinions on this sulqect had bc'cn held from 
ancient times to the end of the. Middle Ages ; it was then an a( ce|itol 
fact that even large organised Ix'ings, smdi as mice, frogs, snakoj!, 
cater[>ilhirs, Ac., were ovoIvcmI spontaneously. Thes(‘ errors had 
been to a certain c'Xtent exploded hy the eritieism of the sovm- 
tcM-nth century ; hut w'hen, ejnring the latter j>art of that century 
and the earlier part of the eighteenth, the microsc(q)e canic tc he 
largely employed, and hy its means there was discovered a host of 


minute organisms in connection witli whicli no .sexual ri'production 
could l)e observed, then again tlie theory of spontaneous evolution 
liecame a prominent (pie.stion. It was as.sumed that jiarticles of 
matter, which at one time had entered into the composition 01 


organised beings, after the deatli of these, possessed the po''*‘h 
under favouralile circumstances, of uniting into new forms 01 
animated beings. On tlio other hand, there w’ero always plnlo- 
sophers who maintained that thi.s wuis not the The (jucstio’j 

of Hpintanoous evolution was brought prominently into iioti' ' 
Needham, an English monk, who wrote in I74S» and also by 
in 1749. They showed that an aqueous extract of mfid 
in closed vessels, after expo.snre to the lieat of boiling water, 
able to develop living organisms, which these observers coiiccn^ 
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could have been formed in no other way than l^y spontaneous 
generation. Many otlier observers took an entirely opposite view 
on the subject, one of the most notable of whom was Spallanzani ; 
he commenced in the year 1765 the publication of the results of 
a series of experiments, the results of which were in direct con- 
tradiction with tliose of Needham. S[)allanzani exposed hermeti- 
cally sealed flasks contain in.i< meat-extract solution for an hour to 
the temperature of boiling water, and found that in tliese no 
organisms made their appearance afterwards. Immediately, how- 
ever, the seal was destroyed, and atmospheric air allowed to have 
access to the contents of the llasks, organisms quickly developed. 
From this he concluded the organisms did not arise si)ontaneously, 
hut were derived from germs present in the air. In the former 
case these had been destroyed by the heating, but in the latter they 
obtained access to tlie flasks in an unaltered condition, and con- 
sequently were able to develop. To these experiments N eedham and 
his adherents made the following objection : tliat, during the heating, 
the contents of the flasks had been so maltreated that they had lost 
their power of vegetative reproduction, and that the small quantity 
of air included in the fla.sk had also been similarly corrupted. ^ 
kSchwann now proved that air might be admitted in any quantity 
to solutions which had been boiled in flask.s, without causing fer- 
mentation or putrefaction, provided the germs contained in such 
air were destroyed. This was efrected in the following manner : — 
Each flask was provided with a stopper perforated "with two 
apertures, into wdiich tubes bent at an angle were inserted ; one 
of these served for the introduction of air which had been previ- 
ously passed through a red-hot tube. In this way he showed 
that though large (piantities of air might in this manner be 
passed through the fluids in the flasks, in no case did fermenta- 
tion or putrefaction take place in their contents. About the same 
time Schulze performed a series of experiments with flasks of a 
similar construction, but instead of heating the air, he passed it 
through strong sulphuric acid ; be obtained results similar to those 
of Schwann. It was now objected by the op]>osite party that in all 
these experiments the air had been s«) altered in the treatment it 
was subjected to before being passed through the solution that it 
had lost its power of causing the dead particles to re-form them- 
selves into living organisms. To demonstrate that this was not 
fhe case, a series of ingeniously contrived experiments were, maile 
in 1854 by Schriider and Duseh, in which the air, instead of being 
either heated or passed througli strong aciil, was simply caused to 
pass through a filter of cotton-wool.- Results similar to those of 

of ^ remembered that at thia time nothing was known definitely 

a ® ^®mical constitution of the atmosphere, 
ment f T*® cotton-wool for thia purjKise was suggested by some experi- 
matp**’ 1 who found that common air, after filtration through this 

ctYRtair freed from solid particles as to be unable to cause the 

J Jsation of a super-saturated solution of sotlium sulphate. 
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Schwann wi'vo obtained l)y this luodilication in all cases, with the 
exception of milk, so that even yet there was something ihat 
remained to he explained. It was, liowever, distinctly provetl 
that such a thud as beer-wort or grape-juice could he remlcrcd 
completely sterile l)y ln)iling, and that hy means of a sim|)l(i filter 
(*f cotton-wool it was possible to remove those organisms from the 
air which caused fermentation or imtndaction. Undouhtedly th*' 
flasks of Schwann were the precursors of thos(; so much employcil 
afterwards hy Pasteur ami other in vestigah^rs; ami the cotton- wool 
filter inv(*nte(l by Scbrnder and l)usch is largely empli>yed at the 
present time, both in the laboratory ami in the apitaratus for the 
cultivation of pure, yeast. 

Pasteur’s Investigations on the Question of Spontaneous 
Generation. — In the pnr.suit of his .studies on fermentation Pa.sttiir 
was compelled to impure into this .subject, and this he did in 
such a masterly manner that the question may be considered as 
settletl f(»r <‘ver. 

He had previously observed that when solutions of sugar, tn 
which small (piantitics of the inagnesium and )>otassium phosjdnitt s 
and a little ammonium sidphate had be(‘n ailded, were ke])t warm 
for a time, fermentation, accompanie«l by the growth and develii]»- 
ment of certain bacteria, almost invariably set in, during which 
the sugar gradually became converted into bictie. acid. Wleai this 
stage bad been reached, the mixture, if allowed to remain for seme 
time longer, entered into another fermentation, acc()m]>anicd hy 
an entirely dillerent set of bacteria, during which the lactic aci'l 
gradually liecame transfinaned into butyric acid. As sucli 
solution, in which nothing Imt mineral sul)stances wen* ]nt‘sciir, 
seemed p(!cnliarly unfitted for the spontaneous generation of livin-t 
organisms, Pasteur was led to <M>nchide that the germs of these 
two difl'crcrjt organisms could have obtained ac(;es.s to the fluid m 
no ntber way than by falling into it from the atmo8]>licre. If this 
were the ca.se, then it ought to be possible to find these oigaiiisiiis 


in the atmosphere. 

f‘hiiwin<j that ttip. tfei'inn of Utniuf or(jauh<yi»^ 
jtve^eiit in thf' ot)iioi<]tht'n \ — With a view to ocularly demouslratin^' 
the {>re.sem,'e of the germ.s of organism.s in the atmo.sphere, Pasteur, 
after having imserted a plug of guii-cotb»n in a tube, drew a large 
quantity of air through it hy means of an a.spirator. He then 
(lissolvfMl the gun-cotton in a mixture of ether and alcohol, am 
examined the undi.s.solved matter under the microscope. 1 
was found to consist of minute jiarticles partly of a mineral 
[>artly of an organic nature ; very frequently there were also ]n’''^en^ 
minute bodies which were undoubtcMlly tlic eggs of infusoria an' 
the spores of fungi. Tlie treatment with etlier and alcohol nn 
fortunately destroyed the vitality of any of the germs I'rc^cih 
hence it was impossible to study their further develojinient. 

KxperimnniM in which germs collected from the afiy'd' 
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were actually yrown . — Sweetened yeast-water is a Huid particu- 
larly prone to undergo change when exposed to tlie atmosphere ; 
if boiled for a few minutes and allowed to remain in an uncovered 
vessel for a few days, it invariably falls into a state of change, 
and is invaded with bacteria, torulae, mould fungi, ka. Pasteur 
demonstrated that this licpiid could be preserved indetinitely with- 
out undergoing change if calcined air only were permitted to come 
in contact with it. In order to demonstrab? this, the necks of a 
series of flasks were each drawn out to a narrow' tube, and a 
(piantity of sugared yeast-W'ater introduced into each llask. The 
neck of each of these was now' connected in turn, by means of 
indiarubber tubing, to a jdatinum tube maintained at a red heat. 
The contents of the flask w'cre then boiled for two or three 
minutes, and, without being disconnected from the apparatus, its 
neck sealed uj) wdth the bloAvi.ipe. A series of flasks that had 
been treated in this way, and whicli were subsequently kept at a 
temperature of 30" C. (83" F.) for a considerable lengtli of time,i 
did not show’ the slightest sign of change. 

By an ingenious modilication of the apparatus used in the fore- 
going ex})eriments, a plug of ordinary cotton-Avoo], on Avhich 
atmospheric dust had been collected in a similar manner to tliat 
in wliich it had been eolhuTed on gun-cotti>n, was introduced 
into one of these flasks charg(*d Avith I lie SAveetened veast-w’ater 
wliich had been boiled for Ji few minutes, ju'ccautions being taken 
that nothing but calcined air obtained access to the idug or to the 
interior of the flask. 


Ill a feAv days numbers of organisms nnuh' their apjiearance in 
the liquid, similar to, but far greatiu- in number than, those Avhich 
would have ajipeared in the fluid had it been sinqdy left exjmsod 
to the air. It is Avorthy of launark that the alcoholic fermentation 
wasnoA'er mot Avith in these experiments, though the fluid employed 
one eminently adapted for undiwgoing this change. This 
senes of experiments formed an ellectual rejoinder to the objee- 
lons Avhich had been urged against the similar exfieriments of 
c iA\ann, viz., that tlie air could be so corrupted by incineration 
0 be incapable of starting life aneA\'. 
for ^unnenily liable to utideryo ebanye may he prese7'v€(l 

in free ronfart with atmospheric enV, pro- 
])arficles , — In order to demon- 
iuh'G d^^^ntities of fluids liable to change, such as Avort, grape- 
too c introduced into flasks of convenient size (250 to 

line till ’ Beiug afterwards drawm out to a 

each sliape of a letter IS. The contents of 

orifice of boiled until steam freely issued from the 

ho capillary tube, wdien the wdiole Avas alloAved to cool. 


1 i 

finished technically known ns “ forcing,'’ nnd small samples 

contaminafrni tested in this manner to ascertain if they are 

«>nated with bacterial organisms. 
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In tliis caso, in addition to the liquid itself being sterilised diiriiiir 
the boiling, the heated steam ellectually sterilises the walls of the 
hask and the inside of the curved tube. As the temperature lowfi's 
during the subse<iuent cooling, air gradually enters to replace the 
steam, and any germs that it may happen to contain are caught ainl 
retained by the drop of condensation water which collects in the 
tube ; they are in this way preventcil from obtaining access to the 
contents of the tlask. The tube eventually becomes dry, but the 
})assago of air in and out of the llask is now so slow that its 
tioating itarticles are all dei)Osite<l on the side of the tube liy 
gravitation. Organic fluids, such as beef-tea, grai)e-juice, &c,, 
which Jire extremely liable under ordinary circumstances to enter 
into ])utrefaction or fenmmtation, and which are cat)able of heinjr 
sterilised at a temperature of 100^ C. (212" F.), may be preserved 
in such flasks for years. This form of llask was the precursor of 
the well-known Pasteur flask. 


77o' FlasI :. — In this, the form of the original flask is 

retained, but it bas in addition a short straight tube inserted into 
its bulb, as shown in Fig. 46. This 
adilitional tube i)ermits of additions to 
j or witlulrawals from tin; contents of tlie 

I ij flask being made under suitable inetaii- 

I I tic*ns, without running any risk (d' intro- 

/| U ducing foreign organisms. A siiitahle 

<{uantity of wort or other fluid iniviiig 
I been intro<luc(*d into th<‘ flask, a small 

a 11 yW piece of iiidiarublrer tubing is attached 

f M to the side-tube, and th(‘ ccailents of 

/ boiled. As the side -tube 

7 pos.sesses the larger orifice, the steaiu 

J rushes out of this fii*st, efrectually stcri- 

lising it and the indiarubber tube. 
When the boiling has proceeded for a 

nr.. V:- Fi.,k [«"■ t'H! rul.l.cr tube 

by a piece of gla.ss rod. llie wa 
ing i.s continued for a few minute 
longer, and, as the steam is now compelled to pass through tbe 
fine curved tube, tliis is also sterili.sed. In order to ])rev('iit the 
chance of infection, which has occasion.ally been caused by 
crawling up the capillary tube ami carrying germs with tlmin, 
a small quantity of asbesto.s, [ireviously ignited in the 
8[)irit-lam]) or Hun.sen burner, is inserted into the orifice, ot 
fine tube just after the flask has lieen removal from th<‘ 
of heat When all these precautions have lieen fully 
the wort in such a flask will keep unaltered indefinitely. ^ 
is any doubt that the sterilisation has not been perfect, the ^ 
so j)repared may be easily tested by being “forced," tjiat 
for a few days at a temiicraturo of 24'’ to 28° C. (75 
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Such a temperature is exceedingly favourable for the growth 
and development of bacterial organisms, and in those extremely 
rare instances in whicli the sterilisation has not been ])erfectly 
attained, the presence? of organisms is readily detected by the altera- 
iion in the appearance of the fluid which ensues. 

Ovijanic fttddsy such as blood, serum, urhip, cjr., Klien tahenfroui 
a healthy animal, may be preserved iiidefmitebj without undergoing 
jmtrefaction if only allowed to come in contact with germ-free air . — 
The fluids contained in tlie various vessels and cavities of an 
animal when in a state of health are j)erfectly free from orpuiisms, 
though, as is evinced by the extreme readiness with wliich they 
ente^into a state of putrefaction under ordinary exposure to the 
air, they foiin excellent media for the growth and develoiiment 
of bacteria. It has also been conclusively .shown that the blood 
of living animals does at times become invaded by organisms, and 
serious diseases are produced thereby. Pasteur demonstrated that 
such fluids as blood and various other .secretions of the animal 
body could be pre.servc<l indefinitely in contact with air uncon- 
taminated by germs in the following manner. A number of fla.sks, 
together with the air they contained, were thoroughly sterilised, 
they were then partially filled with blood taken directly from the 
blood-vessel of an animal — rigorous precautions being taken that 
the fluid sufrerctl no contamination from the atmosphere during 
the operation — after which tlie flasks were hermetically soalecl 
Blood, which under ordinary circumstances exhibits the greatest 
jironeness to putrefy, was kept in this way for .several weeks at a 
temperature of 25“ to 30'' C. {77' to 80 F.) without showing the 
slightest tendency to putrefy. The .<=am(‘ was sliown to V)e true 
of many other organic secretions, ami M. (layon has since proved 
that it also holds good with reference to the contents of eggs. 

These experiments form one of the greatest proofs of tlie fallacy 
of the theory of spontaneous generation, for they were made on 
sulxstances wiiich liad been unalten d by heating ; and they formed 
ail etlectual rejoinder to tlie arguments of .some of the advocates 
"f the theory of spontaneous generation, who had asserted, not 
without .some show of reason, that materials which had l)een 
heated did not .satisfy the comlitions reipiisite for the spontaneous 
production of living from dead organic matter. 

Tyndall’s Experiments on tlie Floating Particles in the Air. 
In 1881 Tyndall published the results of a remarkable series of 
cxiieriments made at the Royal Institution, in whieli free exposure 
higlily putrescible fluids to tlie air was carried out in a still 
^ore extended manner. 

Reasoning from the well-known fact that, when a powerful 
earn of light is passed through the air of a darkened room, its path 
a distinctly visible because it illuminates tlie particles 

^oa ing in that })ortion of the air which it travei'ses, he concluded 
the path of such n rny would be invisible in an atmospliere 
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which contained no tloatin^^ particles. He argued that as all 
particles of matter, however small, must necessjirily obey tlic law 
of gravitation and bo precij)itated in course of time, air if coiiHikmI 
in a close s[)ace and kept j)oifectly free from disturbance, shiaiM, 
after the lapse of a sutlicient length of time, l)e entirely frec(l fi,im 
all the floating matter which it originally contained. In (uderti) 
put this to the test, Tyndall had a box constructed, the front an, I 
sides of wliicli were glazed. After the apparatus had been loft at 
rest for some time, his expectations wer(‘ fulfilled, for on }>a!^siinr 
tin* })Owerful beam from an eh'ctric lamp through the Ixax lit; 
found its ]iath invisible. He m>w rea.soned tliat if the orgaiiisms 
Avliich cause ferm«*ntation or ])utrefaction form a portion of tin- 
particles which float in the atmosphere, fluids liable to take i-n 
fermentative or putrefactivi* changes should, when placeil in an 
atmos[)here of tliis kind, remain unchanged for an indelinite 
timo‘. In onh'r to cafry out this i<l(‘a an exceedingly ingenitnis 
apparatus was constru<‘t(*d. It consist(*d of a four-sided box, in 
tin*! front of whi( h was fixed a plate of glass, the two sidi's itf tin- 
box being similarly provided with smaller glass jianes, while at 
the back of tin; box was a small door, .so construct«’d that, wlmi 
closed, the front, back, and sides of tin; ai)paratus v-'cia* air-li,L;lit. 
The bottom of the box was perforated by several apertur<*s iiitn 
whi(di fitted air-tigbt .several large test-ttibes. Ikissing tliioudi 
an aperture in the top of tin* box was a funnel with a Ion.: stnii, 
fixed in .such a manner that, whilst remaining comphdely air-tidit 
it could be inove<l alxmt and its lower extremity ])lac(‘d in turn 
over the moutli of anv individual tenst-tube. There were als" in- 


serted in th(* upper side of the box two tubes bent into the fi'iiii 
of spirals, before the a|>paratus was j>ermanently (dosed tin* in^i'h 
was smeared with a thin layer of glycerin, a liipiid (‘iniinn^l} 
adapted to retain any small particde.s coming in contact with it^ 
The apparatus was now left at rest, until, on })assing a bi-am >' 
light from an electric lam[) througli it, no trace of floating ninit'i 
could be observed ; this was generally the cas(* in about thuM* 

The test-tubes were then partially filled by means of the funnel | 
various solutions, which under ordinary circumstance's wi>ulu h-n*- 
rapidly entered into a state of fermentative change ; these 
meat, game, and fish broths ; de(!oetion8 of tea, vegetables, ha}.' *• 
In order to destroy any gi'rins which these licpiids might 
the lower portion.s of the teHt-tul)es were immersed in a ol 
heated brine and their contents l>oiled. The steam either o^^ 
densed on the .sides of the box or passed out of the bent 'j '' j 
and, after the Ijeating, was replaced by atinos|»heric aii, '' 
entered by the H[)irnl tube.s. Treated in tliis way, li<i>iio‘' 
most putrefactive nature remained unchanged for months . ' ^ ^ 
however, the door at the back of tbe apparatus was opcin ' ^ 
few minutes and tlien elosed, iu a very short time soin« 
tubes began to exhibit signs of infection. 
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Here then was demonstrated the important fact tliatair, which 
reseiabled the outside atmosphere in every })articnlar, with the 
single exception that it liad been deprived of the iloating particles 
wli'icli it originally contained, not by any violent nieaiis, such as 
passing it through a red-hot tube, or through sulphuric acid, or 
even liltering, l)ut simply l)y natural pivitation, was unable to 
induce cither fermentation or putrefaction in the most changeabh? 
liquids. Similar results were afterwards obtained by exposing 
solutions similar to the a])ove to an atmosphere in which the 
organic particles had l)een burnt up by imains of a spiral of 
platinum wire kept for .some time in a state of incainlescence 
by a current of electricity. 

Organic Fluids of Varying Constitution require Dif- 
ferent Temperatures to effect their Sterilisation.— It 

had l)een oliserved hy investigators previous to Pasteur that, 
though most li(piids were sterili.sed by exposure for a short time 
to a temperatiire of loo' C. (212 F.), yet tliere weiu exceptions 
to this rule, and of these milk foniKMl a notal)Ie example. Pasteur 
made numerous investigations as t«> the reason for thi.s, and found 
that while tin; nature of the .solution il.self (>xercis(Hl soiiie inlluence, 
tlie resi.stance to storili.sation chieily depended njton the reaction' 
of tlio liquid. Thu.s, acidity of the liquid favoured sterilisation, 
alkalinity n.darded it. hor examph*, the highly acid llnid, vinegar, 
was deprivi-d of its liability to change by I'eiiiu .subjected to a heat 
of not more than 50' C.'(i22 F.): grape-juicei which is k.ut 
slightly acid, required a higlier t(Uni)eratniYs lait not such a high 
one as imhopped wort, this, 1)(*ing still less acid, required a tempeu'a- 
ture of 90" 0 . (19U F.). Fresh milk, which is a neutral thud, 
i^eoded a teniperatium, of 1 10 C. (230 F.) ; hut .sour milk needed 
only to he lieated to So'^ C. (176 F.) to pri'vent its undergoing 
lurther change. The real cause seems to lie in the degree of 
perniea nlitv of the (‘xterior coats of the g(uins t(^ moisture, acidity 
m apparently iiermitting the ready penetration of 

int(‘rior of tin* cells, whilst alkalinity lias the 
^ ’oi’se etiect. The germs of the JWi/lus Unmd hy Tyndall 

for '''’ith.staiid the temivrature of boiling water 

resi.stance In* also considered to he due to 

rpJ ^ the external ci>ating of the germ.sj 

of <fi'yne.s.s of an organism, or the reverse, is also 

succiinib U' determining at wind temperature it will 

survivn ^ ^ niould fungu.s, wdiieh in a moist state cannot 

tfesiccation^/^T^^^'^^V”^ boiling water, may, after tinwough 
be heated to a temperature of 120“ C. (24S' F.) with- 

1 j . 

are ticcaHionallv met with in the steds of 
b ^ 53 ) found plants; f..r instance, Pouchet {Bot. Zeit., 1878, 

^•’1 of sheen imn , ® » cerUin kind of lucerne, which adhert^ to the 

Water alouir rvifk fi France, were able to germinate after being boiled 
with the wool for four hours. 
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out losin^^ its focumlity. Tiie same is true of yeast-cells, wliich^ 
when perfectly dry, may be exposed to relatively hi^di temperatures 
without losin;^ their vitality. 

I Influence of the Acidity or Alkalinity of a Nutritive 
Fluid on the Nature of the Orgfanisms which will De- 
velop in it. — Pasteur has shown that neutral lifpiids, or those 
havin^^ a slightly alkaline reaction, form media i)articularly favom-. 
able to the ^u'nwth of bacteria and infusoria ; a sli^ditly acid iiKdimn, 
on the contrary, is unfavourable to tin; growth of them, but favours 
that of the mould-fungi and of the ,Sacr/i(iro7fif/ref(tt. A nutritive 
li<tuid wlien (*xpos«*d to the air bec^omes contaminated with nrgan- 
isnis nf all kinds ; much, therefore, depends uixui its reactinu as 
to what shall be the class of organisms that will llourish in it or 
be sui)prcssed. When a liquid, such as grat)e-juice, which luo a 
sti’oiiglv acid reaction, is exposed h) the iiir, the genus df the 
bactm-ia which fall int«> it are suppressed ; while thoso i.t th.- 
moulds and 6''ev7/acom///v/cs llourish. If, however, the grapc jiiiie 
is neutralised before being exposed to the air, then haeteria will 
llourish to thci exehisi(»n of the other organisms, for when once oiif 
|•artic‘uIa^ set of tlnuse has taken possession of the lield it is \eiv 
dillicult for others to obtain a fo<>ting. Under sueh circuiustaiuo, 
neutralised grape- juieo, iust(‘ad of undergoing the alcoholic fer- 
mentati'.ui, putroti<‘s. The slight acidity of ordinary hi'er-wert has 
consi«l<*ral)le inthienee not onlv in assisting its st(*rilisation in ilc' 


copper, hut also, to some extent, in guarding it against the invasion 
of foreign organisms during the proctisses sul)set|Uent to the huiliiig 
The'^ditrerenee which, the nature (»f the organic Ihiid exercises 
in favouring tin? «levelopm(*nt «»f jKirtieular organisnis hut con- 
siderahle support to the theory of spontaneous gemuMtion. 
all (organic liituid, such as grap(‘-juiee, is exposed for a time te the 
atmosphere, it is iuvad»‘d liy the germs of all kinds (*f organisms, 
hut owing to its slightly ae.id nature tin; growth and devcleiamiit 
of hacterial organisms are snppressiMl ; 6Vnv/o(yo/////cc^.s, 

thrive in a slightly acid medium, on the other hand, lleuii'i 
(jonserpiently, yeast may ho grown over and over again m 'J 
slightly acid medium, such as grat>e-juice, its repro.luctien m' 
being interfered xvith by the acidity (d tin; molium ; hut i 
yeast was originally impure, for instance, contaminated 'V'fh 
of those organisms which turn wine sour, the growth of tin m ' ^ 
he so checked in ]»ropoition to that of tlie yeast, that then 
lier ])ec«^mes relatively so .small in e<unparison with that ^ 
yeast-cells that they may easily escajM; d(‘teetion by a iiiicrusi^'^ 
examination. Under such circumstanc<‘s, by assuming ^ 
a yeast is pur^s the mistake may riwadily he made that P ). 
be transformed into the organi.sms whi(;h turn wine soui, i 


not tested by direct experiment for im]mrity. r 1 .11 he 

This is tlie error into which M. Duval evidently fel '' 
imagined that bo had demonstrated that yeast could m 
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formed into lactic ferment. liy adding yea.st (wliicli lie considered 
to be pure, since he had cultivate.! it many times in grape-jui.'e) to 
ii mixture of sour milk, gluco.se, chalk, and ammonium idiosplmte 
he readily obtained the lactic ferment, and the luodnct of its 
action, lactic acid, in the form of calcium lactate. As Pa.stenr 
points out, though Duval sup|.o.scd that hi.s yeast had lieen freed 
from foreign organi.sms by growing it repeatedly in orape-jui,-,. 
yet he had not put it to the test of direct experiment, h, or.ler to 
ascertain with absolute certainly tliat it was pure. 

The variety of the dilferent organisms which are found to 
dcvehip in fluids which have been .sterili.sed by heat are comi. u-i 
lively few in number, simm they .•an only be tlmse which have 
obtaine.l acci.ss to tlm fluid from the atmosphere after its sterilisa- 
tion; ol.viously all the germs with which the fluid was iirevionslv 
contaminated, whcth..r .lerive.l fr..tii the atm.ispliere, from the 
.lust deposited on the cmtaining vc.s.sels, or from tlie materials 
employe.l, are .hmiroycl in the process of heating. The organisms 
which .level..|. ill such a lliii.l arc not nearlv so mimerou.s as has 
been iimigine.l, since air, unl.>.s.s in a state of violent agitation, can 
<mly hold in suspensmn the finest particles. AH observations 
vliidi have been made on simnlancoii.s gcnerati..n have been nia.le 
111 rooms or lalK.ratori.es where the air is comparativ..lv quiescent ■ 
conscpiently, the variety of ..rganisms which would' make their 
.ippearance 111 stiirih.sed tluiils after exposure to the atm...sphere ..f 
-ach localities is limited in iiumb.u'. This is still further les.seiied 
Jceause some of tlm gerims which do lin.l ac.’css to the fluid 
by treTcT tl' r coinpetition. That .such is the .•ase i.s shown 
■/sterM,^ i * i‘. ' larger variety of .)rganism.s is fouii.l when 

S then inimcliately .livi.Ie.l into several portions, 

c if t i '1 Tl.ore is 'then tlm 

■in,1 ^ only one or two .spe.'ie.s are onclo.s.'.l in one vess.d • 

«iui|>otiSi!*^"* ^ •■snppressi..n by 

‘■‘w '"'■’ke their appearance in 

(trass Ac 1! ‘ organic siilistancs, .su. h as leaves, fruits, 

"■ith’the'.n ‘ the sitlcstanees carry 

"Iwn it ll K 'lepo-sited from the air 

C nh u "‘’‘vement, and, in a.ldition 

l'arasitic’oJgani.smr*^ al'vay.s more or less infested with minute 

intJ°a ‘‘‘m. Oi’g’anisms Introduced 

^^umber of omani^^ Fluid.— 1 ho fact tliat when a lar*j:c 
3® ^ certain species an* atUled to a fennent- 

^onsists princuAnii tlie additit»n of yeast, which 

quantity to ^ ^accharonii/ces rerenaiw, in fairlv larue 
bacteria organisms, such as tlie acetic and 

» together with the germs of otlicr Sarrharowfjees 
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whicli may have a<a*i4t“ntally obtained accosH to the wort, and whirh 
are comparatively few in num1)er, are kei)t in subjection l)y tlie piv- 
poudtu’ance of the Snrr/iaroni f/res cererisiiv, ; tliey an*, as it w(mv, 
crowtled out, <»r, in other words, lose in tlm strii^rgh) for existence, 
when the yeast is present in large (piantity. The brewer seeks in 
this way, by adding sutlicient vigorous yeast, to rapidly induce the 
al(‘oholic ferim*ntation in his wort, and in this way keep in snlijee 
tion those other organisms wliiedi would exert a prejiulicial nctien 
on it. It must, however, be borm^ in mind that the tlelriei imis 
organisms are not <le.stroyed, they are merely suppre.ssed, and when 
the alcoholic f('rim*nt has exhausted its course, then these ininiical 
organisms an? aide to commem'e their functions. Thus, when the 
germs of the acetic ferment havc^ obtained access to a W(nt, ami 
though during the progr(‘ss of the alcoliolic. ferment tiny have 
been held in check, yet, when that process is ci»mpleted, they will 
then begin to manifest their [>resencc* by tin* souring of the hoi'. 
Tiiis pt*(‘uliar property that one ferment jto.ssf’^ses, of when in 
abundance suppressing by fdinpetition other terim*nts which eccur 
in lesser numbers, has led to erroneous views being lield hy .seine 
olrservers, who, tinding that as one ferment became exhausted ami 
died oil' another of a ditl'erent natur.* took its ])Iace, argued that 
one ferment had become transformed into the other. 

Transformation of One Set of Organisms into An- 
other, — N umerous ol)se*rvers, <‘ommen<'ing with d urpin, and in 
eluding Hail, Hoirmann, Halli.>r, Tivcul, Robin, and iMcmv, believed 
they had actually oliservctl the transformation of one set ol leniiciit 
organisms into another, (hie of llie latter ol tlu'se, M. livnl. 
stateil that he. liad seen this transfnrmatioii t;d<e place in unhei)]»cd 
W(trt preparc-d at a tc*mi>erature of from 60 to 70" C. (140 ^ " 
160 F.). First, a numher of line granules appeared in the wort, 

tiiese deveh»|)ed into aetive Itacteria, whieh afterwards b(*c,inn 
fpiit'sceiit ami were tlien transformed into tin* hn tie ferment. 
After a time largc*r gran ides made their aj»pearanee, whi'h gim >'* 
ally increased in size, and wen; eventually transformed mb' 
globular and i*lliptieal cells almost as large, as yi'ast-celb , t 
after a time, commenced to hud. lie also asserts that he r' 
sown the spores of the reniriUiinn [ilancnm in boiled wort nin 
oiitained from them the aleoholic ferment. 

Pasteur pointed out that when wort is boiled in 
tla.sks and allowed to stand for .some time, tliough an 
of grannlar deposit invariably forms, in no case is it 
into a living organism. He then demonstrated that " ' 
must, unintentionally, liave introduced other germs aloiip ^ 
those he thought In; liad .sown in a pure state,, for when a 
fluid is impregnated with a pure culture of any individual oip«* 
nothing but that organism is (;ver reproduced. niin)0?« 

Methods of Obtaining a Pure Culture.— 

of securing a pure culture of an organi.sni Pasteur emp ) 
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following two methods In the first of these, a convenient-sized 
flask was partially filled with wort, its neck drawn out to a fine 
tube, and its contents toiled. While .steam was issiiin.. from 
its orifice, the tube was hermetically sealed up with the" blow 
pipe. On cooling the flask the steam gradually condensed and a 
partial vacuum was formed. When the point of the tube is broken 
off, air rushes in to fill the vacuum, carrying in with it any germs 
it may happen to contain. Sonietinics the air admitted into a flask 
in this way contains the germs of sevcial dilierent organisms as is 
shown by their suhscriuent develoimient; at other times no’ germ 
is introduced, and the contents of the flask remain sterile Occa 
sionally only a single germ obtains entrance, and in this last case 
a pure culture is obtained, which may be used for impre«natin.' 
the contents of an ordinary Pasteur flask containing sterilised 
fluid. In the second method, which Pasteur says is nearlv as 
reliable as the first, the growth of a mould fungus is allowed to 
proceed on any object on which it may have adventitiously formed 
until It has produced a crop of spores. A piece of recently ignited 
platinum wire is then passed lightly over the fructifying heads of 
the fungus, when a few spores adhere to the wire. This with its 
adherent spores is then introiliiced into a Pasteur flask contain- 
ng a sterilised solution. The spores germinate and are allowed 
to grow on the surface of the fluid until they have produced plants 
m which some of the s,K.res may be remove, 1 by means of a 
platmum wire and used in turn in a similar manner.' 

in thP Distribution of the Germs Present 

that ' Onclusivelv proved 

that ferinentation and initrefactioii wer,‘ invariably caused bv 

Wtiiic If „1 h '!■ '"r ", 'lilllrait Iwalitics 

suhippt I of consulenililt* int(‘rost and iniportanco. Tliis 

Set 

iiientition ff attention to the or<;anisms of for- 

te the atmosphere; whilst other ^.servers, such 

Princi pall’y wil ; 11!'}^ 7 “'-’ ‘ousted themselves 

Paswlt = ijacterial organisms that it contains. 

Organisms ® Different Localities for 

in exactly tb« ^ P'lrimso Pasteur employed flasks, prepared 

"nre taken to ^ •'* T"''* "f these 

the air was to hn ; 7^ in which the nature of the organisms in 

in turn the points of the flasks were broken 

then brought tock^ M'Ti®'^"‘‘^'^ “S"'"' T'*®.'’ "'er®' 

7te for some ti^ the laboratory and kept at a forcing tempera- 

, . « time. ijln (TAnArnl • 


whicir^ ‘‘"t®- Th( 

experiment of this character performed at the ficole 


rpi a Auiunijr lempera- 

ilio general appearance of the organisms 
lem was noted, and a rough estimate of 
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Normal, ten flasks containing sterilised grape-juice wore opened 
at the bottom of the garden ; another ten on the landing of the 
second floor of the building ; and a third ten in the laboratory 
itself, where experiments on fermentation were being constantly 
carried on. Of the flrst ten flasks, only one was invaded by 
organisms ; of the second ten, four were similarly affected ; and 
organisms developed in all those belonging to the third set. The 
difference in the number of germs contained by the same amount 
of air in these three different localities was therefore considerable. 
The nature of the germs also differed ; the first two series of flasks 
contained mould fungi only, whilst those taken in the laboratory 
contained Toruhn (p. 239) in addition to mould fungi. 

Experiments of a similar nature were made upon the air of 
the most diverse localities, and it was found that germs were very 
abundant in tiie air of towns, but that they gradually decreased in 
number as the locality became more and more remote from human 
habitation. Of twenty-four flasks opened on Mount r()U])et, at 
an elevation of 2800 feet above tin; level of the sea, only fiv<; were 
infected. Of another twenty, opened at ^lontanvert, near the 
Mer de Glace, 6560 feet above sea-level, wlien a strong wind was 
blowing from the glacier, only one was infected. In experiments 
made in the higher regions of the atmos]diere by means of a 
balloon, the air was found to be absolutely free from germs. 

Ferment Organisms or their Germs are Seldom Present in 
the Atmosphere. — ^Eut, sahl l’ast«?urks opponents, if it were true 
that fermentation was invariably caused by the germs pre.scnt in 
the atmosphere, then they would be j)resent in the air in such 
countless numbers that they would form a thick black fog a.s dense 
as iron ; for it is a well-known fact that when gra])cs arc crmsliod 
in any part of the world, even on the top of a high mountain, 
their juice invariably enters into fermentation. In reply to this, 
Pasteur demonstrated by a series of ex}>eriment8 that tlm germs 
of the fermentation organisms do not occur in extraordinarily great 
numl)ers in the air of the atmosjdiere. 

It was a very rare occurrence to meet with fermeiitntion 
organisms in the exix;rimcnts just mentioned, or in those pel 
formed with l)lngs of cotton-wool on which the dust of the ainms 
f)herc Iiad been collected. They were only found in ajipreeni > e 
quantities in the air of rooms where fermentations were ])eiiigcon^ 
stantly carried on. For instance, out of seven flasks ojmma 1 
Pasteur’s principal lal>oratory, where tliis condition 
one exhibited signs of fermentation. This fact was further 
strated by the following experiments: — A mnnlicr of 
wort that bad bce.n jircservcd by Appert’s process were 
all necessary precautions being taken to prevent their . 
l)eing contaminated by the dust dojiositod on the cork, 
bottle, Ac., and allowed to remain undisturbed in 
Two of these were exposed in an underground room of 
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Normal, where experiments on fermentation were continually being 
carried on. The contents of the first were found to have fallen 
into a state of active fermentation in six days, and the second, 
which up to the sixteenth day had shown no sign of fermentation, 
was in active fermentation on the twenty-third. Of four bottles 
exposed for three months in a room only occasionally used for 
experiments in fermentation, the contents of none entered into 
fermentation. The contents of four l)ottles placed in an incu- 
bating chamber where fermentations were constantly in progress, 
and allowed to remain there five months, showed no sign of fer- 
mentation. Of ten bottles that were exposed in another room 
where fermentation experiments were continuously going on, the 
contents of one of them commenced to ferment in four days ; the 
day after, those of another started ; and in fourteen days two more. 
All the remainder had up to this time shown no signs of fermen- 
tation, and these, after each lia<l been covered wuth a cap of 
sterilised paper, were kept under observation for three months. 
The contents of all the.se last failed to enter into fermenhition. 

Fermentation Organisms or their Germs are extremely Abun- 
dant on the Skins of Ripe Fruits. —Pasbmr showed tl)at ferment 
organisms were always present in great abundance on the exterior 
surfaces of ripe fruits. He picked a bunch of grapes from the vine, 
cut olf each grape with a pair of sterilised scissors, washed it 
and the little stalk attached to it with a small quantity of water, 
by the aid of a perfectly clean badger-lu’ush. A dozen grapes suc- 
cepively washed in this way with 3 c.c. of water yielded a turbid 
mixture, which, when examined umler the microscope, was found 
to abound with minute organisms. The development of these was 
studied, and it was also proved that among them were some that 
were capable of inducing the alcoholic fermentation. This was 
also found to be the case with ripe gooseberries, plums, and pears. 
The woody portion of a bunch of grapes, from which the grapes 
had been detached, was similarly treated, ami the number of 
organisms was found to be even greater on this than on the skins 
of the grapes themselves. In another series of experiments he 
proved that the organisms of fermentation were only present on 
he surface of the grapes and their stalks in the autumn, when 
. 0 grapes were fully ripe ; that they W'ere not to be found 011 the 
immature fruit, and that grapes kept through the winter gradually 
8 tlieir power of causing fermentation. 

asteur also made a series of experiments in order to sliow that 
era fermentation w^ere situated on the outside of the 

to 1 interior, and also 

^ xp ode the hyjmthesis of semi-organisation propounded by 
*^64, and subsequently adopted and extended by 
I'lie al^b^^ • attempt to explain the formation of yeast from 
assumpd^lf^'^^ portions of grape-juice. By this hypothesis it was 
hat organic bodies, such as albumin, casein, fibrin, &c., 
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which have an extremely complex chemical constitution, were in 
reality semi-organised substances, that is to say, they held a posi- 
tion intermediate between dead and living matter. “ These sLini- 
organised ])odies,” says M. Fremy, “ which contain all the eli'inents 
of organs, have the }>ower, like a dry seed-grain, of existing in a 
state of organic iinmohility, and of becoming active under circum- 
stances which favour organic development. Jly reason of the rila! 
enertpj^ which they possess, they undergo a successitni of decoin- 
positions, giving rise to new derivative's, and to the advent nf 
ferments, not by any process of spontaneous generation, hut liya 
process of vital energy which pre-exists in the semi-orgaiiisol 
bodies, and is simply carrie<l on, when this energy manifests itself, 
in these most varied organic clianges.” 

Forty Pasteur Masks were taken and a portion of liltcred grain- 
juice introduc'cd into each of them. The contents of each llask 
were then boiled for a few nynutes to effect sterilisation, aftrr 
wdiich the thisks were divide<l into four groups of t»‘n eacli. The 
first group were kept without further tn'atment as a check on tho 
experiments. Part <»f a bunch of grapes was washed witli a few 
c.c. of water, an<l to each Mask of the second group a few drops of 
this were added. To each Mask of the third group a similar ijUim- 
tity of the water in which tlui grapes ha«l been washcil ^v:is 
added after it had been boiled, d'o each Mask of, tin' fourth .'^roiip 


a single <lro|» «.)f graj>e-juice obtained from the inb*rior of a 
w'as ad«lcd, the experiment being so arranged that nom' of the 
organisms pu’esent on the exterior of the grape coidtl obtain acces' 
to the ilrop. The whole .series of Masks was then kept at tlw 
ordinary summer temperature. For .some time the contents "t 
the Masks bedouging to the first, third, and fourth groip's sliow^l 
no change. All those of the se<*ond were found, at the end ej 
forty-eight hours, to he in a state of fermentation, and in some ei 
these the myeelia of mould fungi afterwanls apj)eared ; in etlierj 
Mycoth rnoi riuij hut in no ease bacteria, since these last wcuh 
he supjjressed by the Mui<l as it ha<l an acid la'action. Ohvioud}. 

if ferment eouhl he formed from the albuminous suhstaiices |ire^-ii 

in grape-juieo, as aMirmed by Mons. Frc*my andTrccul, the conten t 
of every one* of the Masks ought to have h'rmeiited. It 
shown that occasionally fernu'ntation organisms wen; 
ab-sent on the surface of a grape; conse(piently, 
might be crushed witln>ut its contents fermenting a laid 
also militated against M. Froniy’s theory. p 

The organisms which spontaneously cause changes in 
fluids arc not, as a nile, derived dir(!ctly from the 
indirectly from it in the shape of dust whicli has ‘ 
on vessels and other objects with wliieh the fluid comes m | 
That this is so is well exemplified in Pasteur’s modilh'-i^* 
the experiment of Gay-Lussac, mentioned on p. 288, " 

' A purely gratuitous assumption, Pasteur remarked. 
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gists in uncorking a bottle of grape-juice, preserved by Appert’s 
method, and transferring its contents to another bottle, when the 
fluid so transferred invariably falls into a state of fermentation. 
This fact was adduced by Gay-Lussac as a proof of his theory 
that it was the action of the oxygen of the atmosphere on the 
albuminous constituents of the fluid which caused its fermentation. 
Pasteur repeated the experiment, and obtained the same result when 
no precautions were taken to ensure that the fluid was not contami- 
nated by the dust on the cork and on the outside of the bottle ; but 
when scrupulous precautions were taken, sucli as singeing^ the 
cork and neck of the l>ottle, the corkscrew used, and taking care 
that the bottle into which the fluid was introduced was perfectly 
free from germs, no sign of fermentation made its a})])earance. 

A Fermentable Fluid may be Preserved for Years in an 
ordinary Pasteur Flask, but if a little of the dust which has 
become deposited on its exterior be introduced into its liquid con- 
tents, change, indicated by tiirl)idity, will manifest itself on the 
following day. The .same object may l)e eflected by tilting the 
flask so that its fluiil contents come in contact with the low'er 
})Oi'tion of the capillary tube, where germs are invariably deposited; 
or even violently shaking the flask so as to disturb the dejmsited 
germs by a violent rush of air into the capillary tube is sufficient 
to infect the fluid. 

Even the mercury sometimes employed in experiments of this 
nature may contain the .sources of infection. This was exemplified 
in Pasteur’s explanation (d the fallacy involved in an ingenious 
experiment performed by M. Pouchet. In order to show that 
organisims could develop in a fluid which had never come into 
contact with ordinary air, M. Pouchet filled a bottle with l)oiling 
water, then plunged it into ami uncorked it under mercury. When 
the water wms cold, half a litre of (uxygen gas was introduced, and 
a portion of hay wdiicli had been expo.sed for several hours to a 
temperature of 300° C. (572“ F.) was passed under the mercury 
into the neck of the bottle. At the end of a week’s time 
organisms appeared in the fluid. Pasteur showed that here the 
source of error lay in the particle.s of atrm^sphorie dust with 
which the mercury was contaminated. By passing a beam of 
through the room after being darkened, he was al)le to 
ocularly demonstrate to his audience the particles of dust wdiich 
Were continually floating about in the atmosphere, and, although 
ese were apparently moving about in all directions, yet each one 
8u f tendency finally to settle down by gravitation. The 

r ace of mercury which is frequently exposed to the atinosplioro 
^ 'indoubtedly receive ite share of these particles ; and it was 

.‘^^geniously limple method of Bteriliaing small articles, such as 
by passinff l^fore being used, is due to Pasteur. It is effected 

owing to th ®*^lcle8 through the flame of a spirit-lamp or Bunsen burner ; 
cerni* A roadinesa with which minute organic particles ignite, 

eposited on such articles are immediately consumed. 
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clearly shown, by throwing a strong light on to tho surface of ])er- 
fectly clean mercury, spreading some dust on this, and plunging a 
glass rod into the metal, that the dust travelled to the spot wlieio 
tho rod was inserted, and was actually carried into the interior of 
the quicksilver. 

Miquel’s Experiments on the Floating Matter of the Air — 

In these investigations, which were carried out at tlie observatory 
of Montsouris near Paris, Miquel employetl, at first, an a])paiatiis 
which he called an “aeroscope.” In this tlie air to be examiiuMl 
was caiiscMl to iiiijunge in a line jet on a glass ])lat(i smeared witli 
a mixture of gelatin and glucose, which, from its sticky jiature, 
was eminently adapted to catch ami retain the lloatiiig |)arti('le.s 
whicli tho air contained. These particles were then eveidy dis- 
tributf'd over the glass plate, jdaced under the microscope, and 
counted. Since this metliod gave no information as to tin* iiuinltpr 
of living organisms contaim‘d in a measure<l (piantity of air, ho 
devised a peculiarly constructed flask in which a mcasurejl (piantity 
of air was caused to bubbles tbrongh a known quantity of water, 
certain precau^onary measures being taken to avoid loss of organ- 
isms. In this way he obtained the (lust of the atmosphere susp(ni(lod 
in w'ater, whicli, after Ixdng diluted with a furtlier (inaiitity ef 
sterilised water, was added in small and (xpially nu'asunal por- 
tions to small quantiti(.‘s of stcuilised broth eontained in a nuinlior 
of flasks. When a larg(‘ projiortion of tlui contents of tlu' llasks 
treated in this way exhibited no signs of infection, thme was a 
consi(b*rabh; jirobability that each of tin* inf(H*t('(l flasks {'oiitained 
only a single germ ; conse(piently, by taking into account tin? ([uan- 
tity of air pass(;d through the apparatus, and tin* number of tlasks 
which Viecamc infected, it was possible to form an approxiinaitr 
estimate of the number of organisms that were present in a sainpK^ 
f(f air capable of (levelo[unent. 

Koch's Method.- -An entirely dillerent form of apparatus ''aa 
employed ])y this investigator. It consisted of a glass tuln^ about 
a yard long and two inches wide. One (*nd of the tube was ( losol 
with a perforated indiarubber (*ork, a glass tube ]>lugg<al ^vitli 
sterilised cotUin-wool being inserted in the ajxuturo in the (^ork. 
A quantity of sterilised gidatin meat-brotli was then iiitroducea 
into the tulx^ and its other end closed witli an indiaruhher cap. 
The whole was then sterilised, laid on its side, and allow(al to coo. 
When alKUit to lie used, the glass tube was connected with aa 
aspirator, the indiarubber cap removed, and air drawn slov } 
through the apparatus. In its slow passage through the 
particles which the air might ba])|H!n to contain would ho j 

deposited on the gelatin. Tho indiarubber cap was then * 
on the end of the tube, and the whole transferred to an 
where it was allowed to remain until tho organisms had 
and formed colonics. These were then counted and their 
appearance noted. A curious fact was noticed in experinien .s 
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ducted in this way ; the bacteria which had developed were found 
ill that portion of the tube nearest the end where the air entered, 
whilst the mould fungi were found much farther down the tube ; 
this seems to show that the specific gravity of the germs of the 
former organisms is higher than that of the germs of the latter. 

Hueppe’s Method. — In this, tlie air under examination was 
caused to bubble slowly through warm sterilised gelatin meat-broth, 
which was afterwards spread upon glass plates. These were placed 
in an incubator, and the colonies that formed on them studied. 

Method of Frankland, Miquel, and Petri. — In this, the float- 
ing particles of the air were collected by passing it through filters 
containing such substances as sterilised sand, pow’dered glass, glass 
wool, &c. The material of the filter was afterwards mixed with 
sterilised gelatin meat-broth and spread on glass plates; or the 
sand, t^c., with the germs it contained, were placed in a Petri 
dish, intimately mixed with gelatin meat-broth, covered over, and 
placed in the incubator. 

Objections to the Use of Gelatin Meat-broth in Experiments 
of this Nature. — As was shown by Miquel, there are several objec- 
tions to the use of gelatin i)late3 for this purpose. They cannot 
he used at a temperature higher than 24" C. (75" F.), since above 
this the gelatin medium becomes fluid, and .some bacteria require 
a higher temperature than this for their development. Many 
bacteria take a fortnight to form coh>nies at th(‘ us\ial temperature 
of the incubator, and i)y this time .so nnich (tf the plate is litpiefied 
by the action of certain bacteria, or the ])late may be so covered 
over with the rapidly grow'ing mould fungi as to be unfitted for 
further observation ; consequently, tlmse organisms which have 
not had time to develoj) entirely escape observation. Some species 
of organisms which readily develo}) in li(]uids will not do so on 
a gelatin plate. Finally, there is no absolute certainty that one 
CO ony only represents one species of organism. This was demon- 
s rated by growing colonies on a jdato in the ordinary way, then 
soNMiig each of them in a separate batch of meat decoction. A 
second plate culture was afterw'ards made with each batch of the 
wV a in these latter colonies species were found 

wa^^ those of the original colony, distinct evidence 

species^^^^^ original colony by no means con^sted of one 

bet^n^**^ * IJivestigationB of the Air. — These experiments, made 
of asc V. *^77 and 1882, w^ere carried out with the object 

the nature and distribution of those organisms in 

ooeratin which might exert a prejudicial effect on the 

oxainini^^ brewer. For this reason, as in his method of 

brewing purposes, ho entirely rejected 
l^rewer U | the two liquids wuth w'hich the 

*^Pparatus ^ concerned, i.e. wort and beer. Tw’o forms of 
were employed in the course of these experiments : 
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first, the vacuum flasks (p. 304) introduced by Pasteur, only, in- 
stead of sealing up the ends of the tubes by fusing the glass, 
Hansen simply closed them with sealing-wax ; the second con- 
sisted of ordinary boiling flasks partially filled with wort, which 
were sterilised after their necks had been covered with filter-paper. 
The flasks were taken to the place the air of which was to he 
examined, their caps removed, and allowed to stand open for 
various periods c»f time, in some cases as long as forty-eight hours. 
AVhen using the vacuum flasks, it was found that the criterion 
for infection used by Pasteur, namely, a visible alteration in the 
contents recognisable by the naked eye, was not to be implicitly 
relied upon in all cases, for small quantities of various growtli.^^, 
such as those of A.s7>myi7/?/s, PeniciUiiim^ Mucor^ ('ladosporiuin, 
Bucteriuni areti^ and Mifcoderma cei'evisia\ could only be detected 
by microscopic examination. He confirmed Pasteur’s observation 
that it was often possible in this way to obtain a pure growth of 
one particular organism, a single germ only having obtained access 
to the flask; in fact, it was only in rare instances that sever.il 
growths were obtained in the saim* flask. An observation made 
in this, way necessitates tln^ employment of nearly one flask for 
each germ present in the air examined, and although it gives the 
most certain information, it is exceedingly tedious and cumbrous 
in its application ; it has the further disadvantage of only gdving 
information as to the geriiis pres(*nt in the air at the [)articular 
moment of opening each flask. Conserpiently, it was emjdoyed in 
conjunction with the .second method, since this gave information 
as to the characters of the germs which a[)peared in the air d\iring 
a longer or shorter pericxl. 

General Conclusions obtained from these Observations. — 

All these experiments tended to confirm the previous conclu- 
.sions of Pasteur, that the air of places in immediate proximity to 
one another may contain at the sann.* time not only the most 
diverse organisms, hut also the mo.st variable quantities of tlnun. 
The germs of organisms seem to exist in the atmosphere in the 
form of clouds, the intc*rvening spaces hetwfa'U which are com- 
paratively gerrn-free. The nuinher of bacterial organisms })rescnt 
in the air is much modified fjy the weather ; they are mo .4 
abundant in dry .sea.son.s, whilst after a spell of wet weather their 
nuinher consideraldy diminishes. The reverse seems to he the 
case with the mould fungi ; these occur in the greatest nundxr 
in the atmosphere in damp weatlier, ami in much smaller quantity 
in dry weather. iSarcharumi/retes are seldom met witli ; Hansen 
found that the yeasts increased in number from June to August, 
and are most abundant at the end of August and the hegininng 
of 8ept<*mlK.‘r (the jicriod of tlie ri|>ening of fruit), after 
their numl>er8 again decrea.se. As there is strong evidence tha 
the Saccharomycetes have their place of aljode in the earth during 
the j)erioil.s wlien they arc not living on the surface of fruits, they 
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arc probably Diet with niost frequently in the air when passing 
through it to change their respective resorts, viz,, the ground and 
the fruit-trees. During this same period bacterial and mould fungi 
occur in the atmosphere in the greatest numbers, and hence it is 
at this season that the wort, when on the coolers and refrigerators, 
is likely to receive its greatest contamination from these organisms. 
This time of the year is proverbially known to be the worst for 
brewing operations. 

Hansen’s Investigations on the Air of Breweries, — Hansen 
now turned his attention to an examination of the air of the 
various rooms where the actual brewing, or the ojierations con- 
nected therewith, were carried on. The air of a [lassage leading 
to a room where barley was turned, as might readily be exiiected 
wlien the large number of organisms always present on its surface 
is taken into consideration, was found to be highly contaminated 
with organisms, especially those of a bacterial nature. The air in 
the neighbourliood of malting-lloors was found to be extremely 
rich in mould fungi. The air of tlu! fmnieiiting-rooms of the 
old Carlsberg brewery was found to c-ontain fewer organisms than 
that of any of the other localities hitherto examined ; in that of 
the new Carlslierg fermenting-rooms organi.sms were conqiaratively 
abundant, from 55 to 100 ]»er «‘ent. of the llasks employed becoming 
infected. In the ca.se of the old Carlsberg brewery tlie air is freed 
from germs by jiassing it thnmgh a Imtli of .salt water, and by 
rigorous attention to tlie cleanline.ss of the room and all the 
utensils contained therein. 

.Morris ^ has recorded the residts of a series of ex|)eriments 
made to ascertain the number of organisms that fell from the 
atmosphere into the wort during the tim(‘ it was .Manding on the 
coolers. The season of (In* year is not given. These experiments 
were made at two diirerent breweries : the cooler of the first 
had a superficial area of 70 .s(piarc‘ yard.<, tliat of the .second an 
area of 426 s(|uare yards. It was found that rather more than 

140.000 organisms fell on each s<piare yard of cooler surface per 
hour, the numVters la'ing pretty nearly equal in both breweries. 
Ho also determined the number of organisms with which the wort 
had b(>en infected during its stay on the coolers in the following 
manner : wort was taken from the coolers when nearly the whole 
had run oft and only a few barrels remained ; this was added in 
mea.sured portions, firstly, to 5 j)er ct*nt. sterili.scd gelatin, secondly, 
to 5 per cent, sterilised meat-extract-gelatin. The number of 
colonies \yhich had develojied in throe days were counted, and 

le quantity thus found calculated into wort per barrel. In the 
list brewery 163,548,000 colonies jier barrel developed in gelatin, 
aiK 16,354,800 in meat-extract gelatin. In the second brewery 
b 4 o 6 , 5 12,800 developed in gelatin, and from 14,065,128,000 to 

21.097.692.000 in uieat-extract-gelatin. This great difference in 

1 7Van/, Lab. C7m 6, vol. iii. p. 36 . 
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the respective numbers was attributed to the difference of the 
superficial area in the two coolers. Of tlie organisms which 
developed in gelatin alone, the majority consisted of Saccharo- 
mycetes and Tonilxj though bacteria and mould fungi were present 
in considerable numbers as well. The utmost cleanliness was 
observed in both breweries, and there can be no doubt that all 
the organisms found were derived solely from the air. 

Yeast may be Dried and Reduced to a fine Powder without 
Losing its Vitality. — Pasteur made the following experiments,! 
to show that yeast may exist in a state of vitality in the form of 
dust floating about in the atmosphere. A few grammes of pressc'd 
yeast were rubbed uj) with five times their weight of sterilised 
plaster of Paris in a sterilised mortar. The mixture was then 
wrai)ped up in a piece of sterilised ])aper and dried at a tem- 
perature of 20' to 25"^ C. (68^ to 77'' F.). Two days after wan Is a 
pinch of this powder w’as sown in sterilised wort, contained in 
a Pasteur flask, and the whole kept at a temperature of 20" C. 
(68^ F.), w’hen, in three days, signs of fermentation mad(^ their 
appearance in the wort. When the yeast was two and a half 
mojiths old the experiment was repeated ; this time fermentation 
commenced on the fourth <lay, hence the vitality of the yeast was 
not destroyed, but mendy somewhat lowered. In a similar experi- 
ment made with the .same yeast when .s(*ven months old, the vitality 
was not yet altogether lost, but was still more dei)ressed, for it took 
eight days for signs of fermentation to aj)pear. At the end of ten 
months the yeast, w’hen again teste<l in this mannc'r, was found to 
be completely dead; tlie wort impregnated with it, though o))served 
for several months afterwards, gave no sign of f(*rmentation. 

Pasteur sIkjwcmI that it w'as ([uito p«>ssil>le to artificially im- 
pregnate the air of a room wdth yeast organisms. In order to 
effect this it was only necessary to drop a small quantity of the 
dried yeast ]X)wder from a height, when the presence of living 
yeast in the air of the room could h<? demonstrated by opening a 
series of vacuum flasks in it. It often happened in ex[)erimeniing 
in this manner, that one flask received hut om^ organism ; and in 
this way a pure culture of a single species of yt;ast was obtained, 
since the wliole of it must have sprung from one mother-cell. At 
the conclusion of the description of these experiments, Pasteur 
adds the following pregnant sentence : “ Our jireliminary ohserva- 
tion.**, although incomplete, .seem to favour the idea that numerous 
varieties of ferment are to he obtained by these means.” 
is distinctly foreshadowed the imj)ortant field of investigation 
which has been, in later year.*^, so ably worked out by Hansen. 

Pasteur’s Experiments on Fermentation.— From what 
has gone before, it will be remembered that ever since the dis- 
covery had been made that yeast was a living organism, the opinmn 
had i^en held by various ob-servers that fermentation was inb* 
! “ Studies in Fermentation,” p. 81. 
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niately connected with the vital functions of the yeast. Pasteur 
was, however, the first to put this into a definite shape, and to 
attempt to give a really scientific explanation of the processes of 
fermentation. In studying the peculiar fermentation which impure 
calcium tartrate entered into in hot weather when allowed to remain 
under water, he was led to conclude that the fermentation was 
caused by a small living organism. 

Struck by the part played by this organism in the fermentation 
of tartaric acid, he thought that it could not bo an isolated fact, 
hut that it must form a portion of some great law, the elucidation 
of which could not ludp throwing considerable light on the hitherto 
obscure problem of fermentation. He regarded fermentation and 
putrefaction as analogous processes, and recognised in them Nature’s 
method of converting the dead refuse material of the animal and 
vegetal)le world into forms again available for the nutrition of 
plants. 

Investigations into Lactic Fermentation. — When a mixture 
of milk, sugar, putrid cheese, and chalk ^ is ke[)t in a warm place, 
it speedily falls into fermentation, and in course of time lactic 
aci<l is produced in abundance, according to the formula : — 

= 2C;,ir,Aj 

(Uucose. Lactic acid. 

The acid unites with the chalk to form calcium lactate. 
Hitherto no organisms had been det(‘ct(‘d in such a fermenting 
mass ; but Pasteur, however, show(Ml that they were there, and 
that they were merely hidden by the innuiiK'ralde host of other 
particles present in such a mixture, since they could occasionally 
be detected in the grey staim which formed a zone on the surface 
of the mass. In order to obtain the bu'ment in a skite of [)urity, 
a decoction of yeast, to which sugar and calcium carbonate had 
been adde<l, was inf(*cted with a minute trace of this grey scum. 
Fermentation ensued, the calcium carbonate was gradually trans- 
formed into calcium lactate, and the solution gradually grew turbid 
from the formation of tlu^ lac^tic ferment. This, when examined 
under tlie microscope, was found to consist of minute Imcteria. 

Experiments where the Albuminous Material was Replaced 
by an Inorganic Nitrogenous Body. - In order to thunonstrate the 
complete fallacy of the views held by Liebig and his followers, 
Fasteur n^mated the foregoing experiment, employing, instead of 
the albuminous material derived from the yeast, an organic salt of 
the inorganic nitrogenous substance ammonia, together with a 

^ mixture for prep.tring lactic aciil is made up ns follows: — 

okiinmed milk, 2 gallons ; raw sugar, 6 lbs. ; water, 12 pints ; putrid cheese, 
4 The mixture is kept at a temperature of 30® C. 

’11 K vessel, and occasionally stirred. The lactic fermentation 

will be finished in about three weeks. The mass thus obtained is drained, 
pressed, and purified by recrystallisation in water, and oxalic acid added to 
remove the calcium from the calcium lactate. This leaves lactic acid in solu- 
‘on, which may be further purified by conversion into the zinc salt. 
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small quantity of the phosphates of potassium and magnesium as 
mineral food. The lactic ferment multiplied and caused fermenta- 
tion just as in the previous case. An experiment was also conducted 
with a fluid of similar composition, hut to which, instead of lactic 
ferment, a minute trace of beer-yeast was added. A similar growth 
and multiplication of the yeast-cells took place, accompanied witli 
alcoholic fermentation. Evidently, then, this was a plain proof 
that yeast could assimilate the inorganic substance ammonia, and 
derive from it the nitrogen necessary for forming its albuminous 
constituents ; the phosphates supplied the mineral food, and the 
carbonaceous portion was derived from the sugar. In these cases 
there was not the slightest possibility of fermentation being pro- 
duced according to the theory of Liebig, for there was no albu- 
minous matter j)resent excej)t that actually contained in the yeast 
itself ; and to be certain that the albuminous material of the new 
yeast-cells c(udd not be obtained from «)ld and dying yeast-cells, 
only a minute trace of yeast was added at tin? outset. Here, too, 
it was demonstrated that fermentation is a pluuiomenon of nutri- 
tion, during which the yeast is able to build up the complex 
bodies which enter into its composition from sugar and purely 
mineral sul)stances. 

The Ferment of Butsnric Acid. — If, in the process immtioncd 
above for the pro<luction of lactic acid, the action is allowed to 
proct'cd for a considerable length of time, the calcium lactatf* is 
gradually transforme<l into cah ium butyrate, carbon dioxide and 
hydrogen being evolved, according to the formula:— 

2C.dr«0;. =. C^H.O,. -f 2 CO.. -f- 2 H,. 

I.a<.tic acid. liutyric acid. Carbon <Hoxide. 

This has led to the idea that the lactic acid ferment was gradually 
transformed into the butyric acid one. Pasteur demonstrated that 
the two ferments exhibited important distinctions ; the lactic fer- 
ment i.s moti<udes.s, the l)utyric is in a constant state of lively motion. 
The latter ferment is also <listinguishtMl })y amTher extraordinary 
property ; it is able to live and perform its functions in tlie entire 
absence of oxygen ; in fact, its vitality is destroyed by that 
If a current of air be jia.ssed for a few hours through a licjuid 
undergoing tlie ]»utyric fennenUition, the ]>rocess is completely 
arre.sted, the bacteria cea.se all active moveimmt and fall to the 
bottom of the vessel. When .sown in a fluid cajiable of under- 
going the laityric acid fermentation, the fernnmt incrca.ses sensibly 
in weight, though, a.s with tlie rest of the fermentation orgaiiisnis, 
this i.s exceedingly small when compared with the amount 01 
substance decomjxjsed. 

This imp<jrtant di.scovery led Pasteur to divide organisBis into 
two classes, the first, which are only able to live when supplioj 
with free oxygen, he de.signated “aiTobic;” the second, 'vjnci 
are only able to exist in its entire absence, he styled “anaerobic. 
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Fermentation a Phenomenon of Nutrition. — Pasteur having 
decided in his own mind that fermentation was a phenomenon 
of nutrition, tlic next (question for elucidation was wherein it 
did'ered from the ordinary process of nutrition. As a rule, an 
organism assimilates nearly the whole of the food which it absorbs, 
but in the case of a fermentation organi.sm the amount of sub- 
stance absorbed and decomposed is enormously greater than the 
small portion which it appropriates for it.s own nutrition. The 
fact that the butyric acid bacteria lived and could })erform their 
functions in the absence of free oxygen struck him as probably 
furnishing the key to the mysterious problem of fermentation. 
Perhaps it was only the anald-obic organisms wliich were able 
to functionate as ferments, the aerobic ones l)eing incapable of 
doing so. He conceived that there might yet be a third class of 
organisms represented l)y the yeast fungi, wliicli had two phases 
of existence, the one aid-obic, the other anat-robic. In their 
airobic state of existence they would live and carry on tlreir 
nutritive functions after the manner of ordinary fungi ; in the 
anaid’obic, they would act as ferments. The following observations 
and experiments seemed to conlirm this view. 

Several of the Mould Fungi are able to Act as true Ferments. 
— In 1857 M. Bail had discovered that the mould fungus, Mucor 
mucj’do, was able to excite alcoholic fermentation ; this he wrongly 
attributed to the. transformation of the fungus into yeast. Pasteur 
afterwards found that several of the mould fungi, when entirely 
submerged in a saccharine fluid, that is, when they were de])rived 
of free oxygen, were able to produc(‘ alcoliol and evolve caribou 
dioxide; in otlier w’ords, to act as true ferments. His lirst ex- 
periments were made with A}^}>er(/ilh(s A pure culture 

of this, obtained l)y the irndhod describcnl on p. 304, was sown on 
the surface of wort contained in a Pastruir ilask, the experiment 
being so arranged that the little jdant was supplied with an abun- 
dance of air. It then grew after the ordinary manner of a mould 
fungus, that is, absorlKnl oxygen ami exhaled carbon dioxide, and 
decomposed no more sugar than was necessary to supply the require- 
ments of its own nutrition. Wlien the solution on which it had 
been growing for soim* time was distilled, it was not found to con- 
tain the slightest trace of alcohol.- When, however, in a similar 
experiment, the plant was deprived of air by being submerged in 
the fluid, its general appearance and method of existence sulTered 

Afterwards he expressed a doubt as to whether the plant he had in hand 
Asperyillm ijlaucus, or a particular bluish species of Pcnicillium which 
ore hrge round spores. This, however, in no way affects the argument, 
df ii’ determined the presence of alcohol in minute traces in a fluid by 

\vV from a long-necked retort connected with a Liebig’s condenser. 

present, the first few drops distilled “present the form of 
ooro or, better still, oily tears.” In this way the presence of 

p * volume of alcohol can be detected in a fluid, and with care and 
of ^ tenth part of this quantity. By collecting the first third 

e distillate, and redistilling this, even smaller quantities may be detected. 
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great alteration, the hyphae became swollen to some six times their 
natural thickness, and assumed a singular contorted appearance. 
The plant still continued to evolve carbon dioxide, and when the 
fluid was distilled it yielded a small quantity of alcohol. The 
same phenomena manifested themselves when Mycoderma vini was 
similarly treated. But much more marked was the fermentative 
change when another mould fungus, Mucor racemosus, was sub- 
merged and grown in a saccharine fluid, as much as 3.5 per cent, 
(by weight) of alcohol being produced. 

Relation between the Weight of the Fungus Formed and the 
Amount of Sugar Decomposed. — Pasteur found that when 120 c.c. 
of wort were impregnated with a minute trace of the sj)ores of 
Mucor raceowsusy and the growth resulting from these was kept 
submerged in the fluid, at the emi of the fermentation, the plant 
weighed 0.37 gramme, and the alcohol formed 4 grammes; con- 
sequently, an amount of alcohol nearly eleven times as great as 
the weight of the fungus had been producetl, and this quantity 
would require for its formation nearly twenty times the weight 
of the fungus in sugar. In another similar experiment the weight 
of Mucedo formed was 0.25 gramme, and that of the alcohol pro- 
duced 4. 1 grammes, or nearly tliirty-three times the weight of the 
fungus, and this quantity of alcohol would necessitate for its 
formation the destruction of nearly thirty-three times the weight 
of the plant in sugar. Obviously, then, wlien a mould fungus is 
compelled to live under these forced conditions, it does not, ns 
might be expected, perish for lack of oxygiui — in fact, drown — but 
seems to b<i able to adapt itself to its new conditions and still main- 
tain its existence. That tliese conditions are entirely abnormal 
is shown by the signs of decrejjitude which the cells soon begin 
to show w’hen the i)lant is compelled to live in this way without 
a supply of free oxygen. They j)ut on an old, shrivelled, ami 
worn-out appearance, their contours become irregular and their 
contents become exceedingly granular. Coincidently with these 
appearances tlie fermentation ceases, and with it the evolution of 
carbon dioxide. The cells under these comlitions are not dead, 
for, when supplie<l with a trace of free oxygen, tliey immediately 
revive, and fermentation and evolution of gas again commence; 


when the cells are examined, they are found to have once more 
put on their pristine a])pearances of activity. Thus, in order to 
prrxluce the amounts of alcohol yielded in the experiments just 
mentioned, it was found necessary every few days to decant the 
contents of the flask into another one, the slight contact with the 
air during the decantation being suflicient to revivify the cells. 

Confirmation of this Theory by a Consideration of the Con- 
ditions under which Yeast Functionates in actual Practice.— 
In the Jura wine is manufactured by a peculiar method, due 
grapes are gathered and placed in large receptacles, which v'ou t 
be entirely closed were it not for an aperture at the top of abou 
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four inches in diameter, which is left open for the escape of the 
carbon dioxide. Each of these receptacles is filled three parts 
full with grapes, some whole, others crushed, and all more or less 
moistened with the juice of the injured fruits. After a short 
time the whole mass falls into a state of active fermentation. 
Obviously, under these circumstances, fermentation with the con- 
comitant formation of a considerable quantity of new yeast must 
proceed in the absence of oxygen, for the small quantity of that 
gas originally contained in the vessel will soon be driven out and 
replaced by carbon dioxide. In a large vat of fermenting wort the 
process must likewise be carried on in the entire absence of oxygen, 
for the small amount of the gas originally dissolved in the wort 
will be soon absorbed by the yeast ; and access of air to the 
li(piid is afterwards ellectually prevented by the layer of carbon 
dioxide which forms on its surface. Nevertheless, in every such 
case the yeast-cells not only live, but rapidly multiply and actively 
exercise their functions for several days ; and the immense dis- 
parity between the amount of matter which they have actually 
assimilated, as shown by the weight of the newly-formed yeast, 
and the amount of sugar decom})oscd and converted into alcohol, 
carbon dioxide, and other products, evinces the highly fermen- 
tative character which yeast displays when compelled to live 
under these conditions. 

Yeast Grown under the more or less Perfect Exclusion of 
Oxygen. — In order to test the truth of this view, l^isteur per- 
formed the following series of experiments. A large flask holding 
three litres, the neck of which was drawn out and bent, as in a 
Pasteur flask, was completely filled with a five per cent, solution 
of sugar-candy in yeast-water,^ and the open end of the neck 
iinmerfsed in a small dish filled with mercury. 

Experiment A . — The fluid contents of the flask were impreg- 
nated with the small quantity of yeast obtained by fermenting 
15 to 20 c.c. of a solution similar to that contained in the flask, 
and to which a minute trace of yeast liad been added in the body 
of a small tapped funnel which had been fused on to the short side 
tube of the flask. In less than twelve days all the sugar of the 
fluid in the flask was completely fermented, and the yeast produced, 
after being dried, was found to weigh 2.25 grammes, the proportion 

of yeast to sugar fermented was As such a quantity of 

fluid would not absorb more than 16.5 c.c. of oxygen, this is the 
niaxiinum amount of the free gas which could have been utilised 
in the fermentation of 150 grammes of sugar. A similar exj)eri- 
inent (C) was j)erformod, but in tbi.s case the sugar solution was 
almost entirely deprived of air (it contained less than one milli- 

By yeast- water is meant water in which yeast had been boiled, and 
contained nitrogenous matter and salts extracted from 
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gramme of oxygen) by boiling, and precautions were taken to 
ensure that the yeast added by the funnel was entirely free from 
extraneous germs. Simultaneously a parallel experiment (B) was 
made in an ordinary Pasteur Hask double the size of the former 
flask, the three litres of fluid occupying about one-half the flask ; 
consequently a large surface was exposed to the air. The contents 
of the flask were boiled to ensure sterilisation, and, after cool- 
ing, impregnated with a small quantity of yeast from the funnel of 
the former flask. In the case of the flask (C) fermentation com- 
menced on the second day, and on the following days fine and 
actively budding yeast-cells were observed in the yeast driven out 
from the end of tlie tube. The fermentation gradually became 
more and more languid, and at the end of nineteen days, when 
the experiment was brought to a clo.se, 4.6 grammes of sugar still 
remained unfermente«l. The yeast seemed on examination to be 
very pure in both cases, and from the sharply-defined appear- 
ance of the borders of the cells of that from ' the first flask, 
capable of ea.sy revival by aeration ; after drying it weighed 1.638 
grammes. The proportion of yeast to sugar fermented was, 


therefore, 


In the flask (B), where free exposure to 


1.638 _ I 
145.4 “ 89 

air took place, the fluid was in active fermentation on the second 
day, ami all the sugar had conqdetely disappeared in deven days; 
the yeast from this, after being dried, weighs I 1.97 gramnie.s, 

giving a proportion of yeast to sugar fermented 

In a further experiment (D) conducte<l on the same lines as C, 
still greater precaution.s were taken to ensure the entire ab.sence of 
air from the fluid which wa.s impregnate<l, as before, witli a small 
fpiantity of yeast from the funnel ; but in.stead of \i.sing the yeast 
whilst the contents of the funnel were in an active state of fer- 
mentation, at which time tin; yea.st would be in a young and 
vigorou-s condition, it was added when fermentation was entirely 
at an end in the fluid in the funnel. Under the.se circumstances, 
fermentation was still going on in the flask at the end of three 
months, when the experiment was brought to aclo.se. The weight 
of sugar fermeiiteil in this case was only 45 fjrarnmes, and the 
weight of yeast forme<l was 0.255 gramme, tlie proi)ortion being 

The fermentation had evidently proceeded with 

great difficulty, and the cells vari(;d much in appearance, some 
f>eing large and elongated, .some very old and granular, others 
w'ere more transparent, but all might 1)6 considered abnormal. In 
Experiment A, where, at the commencement, the fluid was .satu- 
rated with air, the proportion of sugar to yeast was ; in B, where 

the liquid had almost been deprived of air by boiling, but where it 
was afterwards permitted to have free access to the surface of the 
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fluid, the proportion was 


70' 


ill Experiment C, where there was 


almost an entire absence of air, the proportion was 


: and in tlie 

89 


last (D), wliere air was entirely absent in the fluid and old yeast 


was employed to start the fermentation, the proportion was 

From these results Pasteur concluded that the less oxygen the 
yeast has at its command the larger the quantity of sugar which 
the same amount of yeast is able to ferment when the length of 
time required for the fermentation is not taken into consideration. 

Difference in Fermenting Power of Yeast of Various Ages. 
—Pasteur points out that it is only young and vigorous yeast 
which will ferment a solution entirely deprived of oxygen. If a 
fermentation be commenced, and, as it progresses, small portions 
of yeast (as nearly as possible ejpial in quantity) are successively 
taken from the yeast which subsides to the bottom of the vessel, 
and used for starting otlier fermentations (all of wliich are, as far 
as possilde, conducted under the same conditions as regards ex- 
clusion of air, temperature, <fec.), and this continued for some time 
after the original fermentation has come to an end, it is found 
with each successive portion of yeast taken, that the first visilde 
signs of fermentation appear later and later the more distant the 
removal of ttfe portions was, in point of time, from the com- 
mencement of tlie original fenmmtation. 

Microscopic Appearance of Vigorous and of Worn-out Yeast. 
— If eacli of these portions of yeast are examined microscopically, 
those taken at the commencement of the original fermentation will 
be found to present those appearances whicli characterise young 
and vigorous yeast, that is, tlie cells are somewhat swollen in size, 
have thin walls, and their contents are plastic and almost fluid, 
exhiljiting scarcely any signs of granulation. As time progresses, 
the cells gradually take on the appearance of weakness and ex- 
haustion, the cell- walls become thi(;kened, their protoplasm becomes 
denser and more and more distinctly granulated. “These pro- 
gressive changes in the celks,” as Pasteur observes, “ after they 
have acquired their normal form and volume, clearly demonstrate 
the existence of a chemical work of a remarkaVde intensity, during 
which their weight increases, although in volume they undergo 
no sensible change, a fact whicli wo have often characterised as 
the continued life of cells already formed.’ We may call this 
work a process of maturation on tlie part of the cells, almost the 
same that we see going on in the case of adult beings in general, 
continue to live for a long time, even after they have be- 
come incapable of reproduction, and long after their volume has 
become permanently fixed.” 

Yeast Cultivated under Conditions of Free Exposure to Air. 

fhe opposite conditions in which the yeast was allowed to ferment 

X 



322 


FERMENTATION. 


in the presence of more or less free oxygen, were tlion studied. 
This was effected, in the first instance, by conducting a fermenta- 
tion in a flask of 4.7 litres capacity, only 200 c.c. of a 5 per cent, 
solution of sugar in yeast- water being used. The fermentation was 
complete in forty-eight hours, and the yeast formed weighed 0.44 


gramme ; 


the ratio was therefore = 


23 


‘Another experiment 


was conducted in, a flat glass dish, w'ith a layer of fluid that was 
less than a quarter of an inch in depth, and which consisted of 
1.72 grammes of sugar dissolved in 200 c.c. of yeast- water. Fermen- 
tation w'as complete in forty-eight hours, and the yeast weighed 

0.127 gramme; the ratio was 


In another experiment, 


conducted in a similar receptacle, w'hero fermentation was only 
allowed to proceed until sufficient yeast had been formed to permit 

or its being weighed, the proportion was found to be ^^3 ~ '■ 

This was the highest ratio attained, and Pasteur considered tiuit 
under these (!ircu instances the yeast more closely apiiroached the 
manner in whicii an ordinary mould fungus lives, the eliminated 
carbon dioxide in this case having been derived from respiration 
and not from fermentation, which latter process now proceeded 
very languidly ; and that, if it had lieen possible to keep each 
yeast-cell entirely surrounded wdth air, yeast would then have 
lived just as an ordinary mouhl fungus does, and vegetated without 
causing fermentation. 

Importance of the Aeration of Yeast and Worts.— -These 
ob.servations and tlie deductions to be drawn from them are of the 
greatest importance to the brewer, and their publication threw an 
entirely new light on the cause of the deterioration which so often 
takes place in the yeast ii.sed in the brewery, and which necessitates 
its renewal. As pointetl out by Pasteur, if it were not for the 
oxygen the yeast meets with dissolved in the wort, and also that 
■which it seizes upon when manipulated in contact with air (for yeast 
which lias Ijeen deprived for some time of free oxygen absorbs 
this gas with the greatest avidity wlien the opportunity is afforded 
it) it w'oiild .soon ceiuse to act as a ferment. The enunciation of 
these principles led to much care being given to the due aeration 
of wort after it had left tlie copper; closed or horizontal refrigerators 
•were abandoned in favour of vertical one.s, and in more recent 
times various kinds of ajiparatus Iiave been contrived for con- 
verting the wort into the form of a spray in its jiassage from the 
copper to the cooler. Tlie air supplied in this way enables the 
yeast to preserve its vitality and fermentative faculties. 

The Amount of Air which Yeast is capable of Absorb!^ 
during its Growth. — A number of investigations ,wero made y 
Pasteur with the object of ascertaining the amount of oxygen 
which yeast absorbed in carrying out its functions. An endeavo 
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was made to ascertain how much of this element yeast absorbed 
when caused to live under conditions approaching as nearly as 
possible those of the ordinary manner of life of a mould fungus. 
For this purpose a flat-bottomed flask was employed, the neck of 
which was drawn out and curved as in a Pasteur flask. Into 
this was introduced 60 c.c. of yeast-water containing in solution 
2 per cent, of sugar and the whole impregnated with a minute 
trace of yeast. The orifice of the fine tube was then sealed up and 
the flask and its contents kept at a temperature of 25° C. (77° F.) 
for fifteen hours. The end of the fine tube was then broken off 
under a jar of mercury, and the gas thus obtained submitted to 
analysis ; and from the amount of oxygen which was found to have 
been absorbed in this, that of the whole vessel was calculated. In this 
way it was found that the yeast, wliich, after being dried, weighed 
35 milligrammes, had absorbed 14.5 c.c. of oxygen; consequently, 
at this rate i gramme of yeast w’ouhl absorb 414 c.c. of oxygen. 

Growth of Yeast without a Supply of Free Oxygen.— ^In 
Experiment A, de.scribed on p. 319, 2.25 grammes of yeast were 
produced in three litres of a saccharine solution under conditions 
where the liquid could not obtain more than 16.5 c.c. of free 
oxygen. But if the original cells from which this amount of yea.st 
was derived could not have multiplied without the amount of free 
oxygen absorbed by the yeast in the previous experiment, that is, 
414 c.c. for each gramme of yeast produced, 2.25 x 414= 931.5 
c.c. of this gas must have been necessary. The larger j)ortion of 
the yeast formed in the experiment just mentioned must, there- 
fore, have been an anatd’obic growth. Similarly, a mould fungus 
recpiires, when grown in its ordinary aerobic condition, a large 
qianitity of oxygen. In the case of a growtli of a inouhl fungus, 
which had been obtained from a single spore by means of a 
vacuum flask, the air contained in the flask, when analysed after 
the lapse of a year, showed that the minute plant, the weight 
of which, when dried, only amounted to 8 milligrammes, had 
absorbed no less than 43 c.c. of oxygen, that is, in the proportion 
5375 ^ of this gas for each gramme of plant-substance formed. 

Pasteur’s Theory of Fermentation. — From a consideration of 
the deductions to be draw'ii from th(*se observations and experi- 
n^ents, Pasteur formulated the following theory of fermentation, 
which we give in liis own w^ords.^ “ Fermentation by yeast, that 
js to say, by the type of ferments properly so called, is presented 
0 us, in a word, as the direct consequences of tlie procc.sses of 
jiu iition, a.ssimilation, and life, when tliese are carried on without 
^ agency of free oxygen. The lieat re(iuired in the accomplish- 
ment of that work must liave nece.ssarily been borrowed from the 
^ecomposition of the fermentable matter, that is, from tlie sac- 
which, like other unstable substances, liberates 
^ in undergoing decomposition. Fermentation by moans of 

1 “ Studies in Fermentation,” p. 259. 
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yeast appears, therefore, to be essentially connected with the 
property possessed by this minute cellular plant of performing 
its respiratory functions, somehow or other, with oxygen existing 
combined with sugar. Its fermentative power — which power 
must not be confounded with the fermentative activity or the 
intensity of decomposition in a given time.— varies considerably 
between two limits, fixed by the greatest and least possible access 
of free oxygen wdiich the plant has in the process of nutrition. 
If W’e supply it with a sufficient quantity of free oxygen for the 
necessities of its life, nutrition, and respiratory combustions ; in 
other words, if we cause it to live after the manner of a mould, 
properly so calleil, it ceases to l)e a ferment; that is, the ratio 
between the weight of the plant developed and that of the sugar 
decomposed, which forms its principal food, is similar in amount 
to that in the case of fungi. On the other hand, if we deprive 
the yeast of air entirely, or cause it to develop in a saccharine 
medium deprived of free oxygen, it will multiply just as if air 
were present, although w'ith less activity, and under the.«e cir- 
cumstances its fermentative character null be most marked; 
under these circumstances, moreover, we shall find the greatest 
disproportion, all other conditions being the same, between the 
weight of yeast formed and the wmiglit of sugar decomposed. 
Lrrstly, if free oxygen occurs in varying quantities, the ferment 
power of the yea.st may pass through all tlio degrees comprehended 
between the two extreme limits of which we have just spoken. 
It seems to us that we could not have a l)etter proof of the direct 
relation that fermentation bears to life, carried on in the absence 
of free oxygen, or with a quantity of that gas insutficieiit for all 
the acts of nutrition and assimilation.” 

“Another equally striking proof of the truth of this theory is the 
fact that the ordinary moulds assume tlie character of a ferment 
when compelled to live without air, or with (piantities of air too 
scanty to permit of their organ.s having around them m much of 
that element a.s is necessary for their life as aiTohic plants, fer- 
ments, therefore, only fKxssess in a higher degree a character which 
belongs to many common moulds, if not to all, and which they 
share, probably, more or less with all living cells, namely, the 
power of living eitlier an aiTobic or anerobic life, according to the 
conditions under which they are placed.” 

Yeast may be grown in an Albuminous Fluid such as Yeast- 
Water when an Unfermentable Oarbohydrate is present. — Fasteiir 
found that when a trace of pure yeast was sown in 150 ^ 

sterilised yeast-water containing 2^ per cent, of milk-sugar (whirii 
is unfermentable by ordinary yeast), the yeast increased, and m 
three months’ time, after being dried, weighed 50 millignaniiiieS' 
Not the slightest trace of alcohol cotdd he detected in the Hui • 
In another experiment, yea.«t which had been grown under p^' 
cisely similar conditions was found to readily excite fermentation 
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in sterilised wort. These results prove that, under certain circum- 
stances, yeast may live as an ordinary plant, and that fermentation 
is not an invariable phenomenon of its life, but one which depends 
on the conditions under which the plant is compelled to live. It is 
capable of carrying on its existence either as a ferment or not, and 
even after being grown under conditions where it is unable to exer- 
cise its fermentative power, it is able to again manifest this when 
it is again allowed to vegetate under other conditions. It must be 
noted that yeast when'grown in the former manner will only repro- 
duce itself when freely supplied witli air. Pasteur concludes that 
the power of exciting fermentation is not a property enjoyed by 
cells of a special nature, nor is it a permanent character of any 
particular structure, but that it is mainly dependent on the condi- 
tions of environment under which living cells are placed. 

Extension of the Property of Exciting Fermentation to 
every Living Cell. — If, then, as has been stated, tlie ability to 
excite fermentation is not a power peculiar to certain cells, there is a 
strong probability that all living cells, when ])laced under suitable 
conditions, will act as ferments. Pasteur felt so certain on this 
point that one day he said to M. Dumas, “AVe would lay a wager 
that if we were to plunge a bunch of grapes into carbon dioxide 
gas, alcohol and carbon dioxide would immediately be produced 
as the consecpienco of a renewed action starting in the interior 
cells of the grapes, in such a way that these cells would assume 
the function of yeast-cells.” The experiment was made, and on 
the following day alcohol was detected in the juice of the grapes. 
No yeast-cells were to bo found in the interior of tlie grapes, 
altliougli a careful examination was made to see if any were 
present. Fresh experiments made by immersing grapes, a melon, 
plums, oranges, and rhubarb-leaves gave similar results. Twenty- 
Wr plums were placed under a glass cylinder, which was imme- 
diately afterwards tilled with carbon dioxide, and were allowed 
to remain for eiglit days. During this period they evolved a 
considerable amount of carbon dioxide. They were then crushed 
and .submitted to distillation, when they yielded 6.5 grammes of 
alcohol, or rather more than i per cent, on the weight of the 
plums. In all these cases there was a liberation of heat, which 
could be detected by first placing the hand against that portion of 
the cylinder with which the plums were in contact, and afterwards 
against another portion wliere they were not. A somewhat similar 
series of facts Iiad been demonstrated in 1869 by Lecliartier and 
Bellamy,^ who found, as had been jwevioiisly shown by Rerard 
1821, that fruits absorb oxygen and liberate almost an equal 
Volume of carbon dioxide. They found that, in addition to the 
huits mentioned above, chestnuts, potatoes, grains of wheat, lin- 
seed, c^c., when any of these were placed in test-tubes and the 
^liouths of the tubes plunged into mercury so as to exclude air, the 

* Compta JRcndus, vol, xix. pp. 336-466. 
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oxygen of the air in the tube was quickly absorbed and replaced 
by carbon dioxide. The exhalation of this gas continued for 
several months, and, when a considerable period had elapsed, 
notable quantities of alcohol were found. Two pears wliich 
weighed respectively 157 and 125 grammes were kept under 
these conditions for seven months; they yielded at the end of 
that time 2,62 grammes, or about 1.4 per cent, of their weight of 
alcohol. Beetroots, when ke|>t excluded from the air for a lengtli 
of time, exhale a strongly acid liquid, and this Pasteur ascribes 
to the commencement of the lactic and other fermentations. 

From these and otlier facts of a similar nature Pasteur infers, 
if perhaps only in an indirect way, that the cells of an organism 
can give rise to several kinds of fermentation. Reasoning from 
tlio fact observed by Lechartier and Bellamy, that the propoition 
of carbon dioxide to alcohol yielded in the case of their <‘xpori- 
ments with fruits was entirely different to tliat obtained in the fer- 
mentation of wort wdth beer-yeast, lie states: “In the present day 
it must be borne in mind that the equation of a fermentation 
varies essentially with the conditions under which that fermenta- 
tion is accomplished, and that a statement of this equation is a 
problem no less complicated than that in the case of a living 
being, ^[oreover, it is quite erroneous to suppose that the pre- 
sence of a single one of the products of a fermentation implies 
the co-existence of a particular ferment. If, for exanqde, we find 
alcohol among the products of a fermentation, or even alcohol and 
carbonic acid gas togetlier, this does not ju’ove that the ferment 
must be an alcoholic ferment, belonging to alcoholic ferments in the 
strict sense of the term. Nor, again, does the jirosence of lactic 
acid necessarily imply the |)resence of lactic ferment. As a matter 
of fact, different ferments may give rise to one, or even several 
identical products. We co\d<l not say with certainty, from a 
purely chemical point of view, that we are ilealing, for cxanqile, 
with an alcoliolic b'rmentation, properly so called, and that the 
yeast of beer must be present in it, if we bad not first deterinined 
the presence of all the numerous products of that particular 
fermentation, and that tliey were })resent in tliose proportions 
characteristic of that fermentation under conditions similar to 
those under which tlm fermentation in que.stion had occurred.’ 
These extracts show how far-reaching Pasteur’s views on the 
subject of fermentation ha<l become ; they were, in fact, not only 
a denial that there were any special fermentation organisms, but 
also an affirmation “ that every cell may cause every fermentation, 
alcoholic, lactic, acetic, <fec., when deprived of its supfily of free 
oxygen ; and the kind of fermentation and of the products forniea 
thereby are merely due to external conditions, the way in which 
the cells arc nourished, and the temperature of the fernicnta- 
tion.” “ In fact, fermentation is a general phenomenon ; it is h ® 
without air.” 
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Meyer’s Theory of Fermentation.— This pliiiosopher 1 

sought to explain the phenomena of fermentation by what he called 
“intramolecular respiration.” The cell of every living plant 
absorbs oxygen, whicli, by the agency of its protoplasm, is com- 
bined with carbon, and again evolved as carbon dioxide. It is, in 
fact, a process of combustion in which a certain amount of heat is 
produced, or, in other words, energy liberated which is exj)cnded 
in performing the work necessary to carry on the vital functions 
of the cell, such as growth, Ac. But when a living coll is 
deprived of the access of free oxygen, it does not cease at once to 
evolve caiBon dioxide, carbon is still consumed in its interior, and 
the oxygen necessary for effecting tliis is <lerivcd from some of the 
constituents of the cell. This then is “inner” or “intramolecular 
respiration.” But when oxygen is obtained under these forced 
conditions, the compounds contained in the cell wliich furnisli 
this oxygen undergo decomposition and are converted into other 
bodies, e.(j, sugar into alcohol and carbon dioxide. The explosion 
of gunpowder or nitro-glycerine is adduced as a .somewhat analogous 
process; in both these cases combustion ensues, and a large amount 
of energy is liberated in the entire ab.scmce of free oxygen, this 
element being obtained from a portion of the materials which 
constitute the explosive. Tluj increase of yeast in the absence of 
free oxygen is exi)lained in a .somewhat similar manner; the 
ferment organisms under such a condition derive the force 
iiece.s.sary for the performance of their vital functions from the 
oxidation of carbon l)y intramolecular respiration. Though the 
growth of yeast is greater when it is siipj)lied with free oxygen, 
yet it can continue to rei)roduce itself for a consideral)le length of 
time in the absence of this element in the free state. Respiration 
is then supposed to take place at the expense of the sugar mole- 
cule, which is split up in that peculiar way which we characterise 
as fermentation. Meyer considers that thougli yeast may cease 
to grow, it is still able to excite fermentation, liecausc intramole- 
cular respiration can still proceed in yemst though it may have 
ceased to increa.se, just as is found to lie the case with the cells of 
the liigher plants when tliey are deprived of the presence of free 
oxygen. 

Though in this latter ca.se the production of alcohol and 
carbon dioxide may be unquestionably attributed to intramole- 
cu ar respiration, it is doubtful if it affords a true explanation 
^ m production of tliese bodies in the ordinary course of fer- 
iiientation. 

1! on Fermentation.— In 1874 and 1875 

^ ^ P^jblished the results of a number of experiments under- 
further elucidating the subject of fer- 
a ion.2 His interpretation of the results of these, and the 

^ Lehrbueh d. Odhrungt-Chemify Heidelberg, 1879. 

® BerichU, 1874 1875. 
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propositions ho founded on tins interpretation, gave rise to con- 
siderable discussion and much experimenting at the time, which 
ended in throwing considerable light on some obscure points in tlie 
process. He assumed that the cells of yeast, like all other living 
cells, must, in order to carry on tlieir vital functions, have a 
supply of free oxygen. That this was the case with yeast he 
demonstrated by showing that when placed in an atmosphere 
entirely devoid of oxygen it very soon ceased to grow, and then a 
series of characteristic changes commenced in it which ultimately 
ended in its death. He also proved that it was possible for yeast, 
when very freely supplied with oxygen, to grow for a time in a 
saccharine medium without exciting fermentation. From these 
facts he drew the erroneous conclusion tliat it was only when all the 
free oxygen in a fermentable fluid had been completely exhausted, 
and the yeast-cells it contained began to take on tlie peculiar condi- 
tion mentioned above, that they commenced to excite fermentation. 
This they do, according to Brefeld, by secreting an albuminous 
substance, which, acting on the sugar as an enzyme, causes it to 
s]>lit up into alcohol and carbon dioxide. If the yeast be removed 
from the saccharine tluul, the secretion of this substance ceases; 
hence the impossibility of i.solating it. Fermentation i.s, then, 
according to llrefeld, a pathological j)rocess, whicli only proceeds 
when the yeast is in a drowning .state that ends with its death. 

Traube and Pasteur successfully controverted this view by prov- 
ing experimentally that young an<l vigorous yeast can increase in 
a fluid entirely devoid of oxygen. Meyer .show(*d that yeast can 
simultaneously increase an«l excite fermentation in a fluid contain- 
ing an abundance of o.xygen ; that fermentation without growth can 
take place wlien old cells arc; immersed in a saccharine fluid which 
contains no o.xygen ; and that young cells, wlicn .supplied with a 
superabundance of this element, can grow without producing fermen- 
tation. Put, as Meyer jMoints out, between these two extremes there 
are probably many intermediate stages in which both yeast growth 
and fermentation can procee<l simultaneously. In reality, some 
of the observations of lirefeld, which were undertaken in .support 
of the theory of Liebig, go to con Arm those of Pasteur, .such as 
tho.se where he finds that there is a .sort of correlation Ijetween the 
respiration of yeast and its fermentative action, and that the more 
the former is 8uj)pre.s.sed the more actively the latter proceeds. 

Schutzenbergep’s Views on the Theory of Fermenta- 
tion.^ — This observer 'disputes the validity of Ihisteur’s doctrine 
that fermentation is “life without air.” With reference to the 
experiments mentioned on p. 318, where MycMerina vini, when 
grown immersed in a saccharine medium, was able to act as an 
alcoholic ferment, Schiitzenberger is di8])08ed to think that though 
Mycodemiaj when grown on the surface of such a fluid, 
supplied with an abundance of free oxygen, completely oxidises 

^ ” On Fermentation,” 1886. 
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the sugar to water and carbon dioxide, it may still produce alcohol, 
which, at the moment of its formation, suffers further decomposi- 
tion, and hence eludes observation. The volume of the carbon 
dioxide evolved in these experiments was found to be nearly 
equal to that of tlie oxygen which disappeared, and this strongly 
points to the carbon dioxide being obtained either from carbon 
or from a hydrocarbon, which would coincide with the view that 
alcohol is primarily formed, and then immediately afterwards 
broken down to carbon dioxide and water. He also thinks that 
the phenomena observed by Lechartier and Bellamy (p. 325) may 
be explained in a similar manner. They prove conclusively that 
the cells of fruits, under certain circumstances, are capable of trans- 
forming sugar into alcohol and carbon dioxide, just as yeast does, 
only in a much less energetic manner. ScliUtzenberger thinks that 
under the ordinary circumstances of normal plant life alcohol 
may be the first formed product. He states that neither Pasteur 
nor others have definitely proved that the commencement of 
this cellular fennentation coincides with the moment when the 
colls are partially or wdiolly deprived of free oxygen. Here also 
alcohol may be the normal production of the cell, wdiich is, under 
the influence of an abundant supply of oxygen, as in the case of 
Mycodennay immediately transformed into carbon dioxide and 
water. 

He then draw's attention to Pasteur’s ow’ii statements, that 
fermentation, when conducted in the entire absence of oxygen, is 
very slow ; but when it is carried on under circumstances of free 
access of oxygen, such as wdien a large surface of the fermenting 
fluid is exposed to the air, fermentation immecds much more 
rapidly. Pasteur abso sUtes that the great aidivity exhibited at 
the commencement of a fermentation is due to the air dissolved in 
the fermenting fluid. These statements seem to be in obvious 
contradiction to the view that the cause that incites a yeast-cell 
to ferment is its deprivation of free oxygen. Pasteur, how’ever, 
explains this apparent contradiction by show'ing that yeast multi- 
plies with much greater rapidity in the ])resence of free oxygen, 
and though the fermentative pow’er of tlie yeast is lowered, yet 
the (piantity of yeast formed under these circumstances is so much 
greater, that fermentation, in spite of the lowered fermentative 
activity of the yeast, })roceeds more ra})idly. Schiitzenberger 
questions the validity of measuring the fermenUrtive pow’er of 
yeast by the proportion betw'een the w’eight of the new' yeast 
lornied and that of the sugar decomposed, and suggests that 
more rational method of measurement w'ould be the quan- 
hty of sugar decomposed by the unit w'eight of yeast in the 
unit of time. Quoting his owm experiments on the absorption 
of oxygen by yeast, he points out that though yeast absorbs a 
oerfain Jimount of oxygen when it is diffused in water, yet it ab- 
sorbs much more when placed in an aerated saccharine liquid 
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which also contains nutritive proteid matter. Moreover, he 
measured the amount of alcohol produced in two fermentations 
in which all the conditions were identical, with the single ex- 
ception that in one the fermentation was carried on in the entire 
absence of oxygen, in the other the fluid was kept saturated 
with this gas. In this latter case, strictly in accordance with 
Pasteur’s experiments, the amount of alcohol produced during tlie 
same period 'was sensibly greater, but it was found that during 
the whole fermentation there had been a continuous absorption of 
oxygen. If Pasteur’s theory bo true, under these circumstanci's 
the fermentation should have been either stopped or considerably 
lessened in intensity, l^ecause, as there was always a supply of free 
oxygen at hand, there was no necessity for the yeast to obtain its 
supply of this gas by decomposing tlic sugar molecule. According 
to this, yeast, when placed in a fermentative Huid kept continu- 
ously saturated with oxygen — that is, under conditions where it is 
able to fully satisfy its respiratory needs with the oxygen, — is still 
able to produce a very active fermentation. 

Schiitzenberger finally concludes that the respiratory and fer- 
mentative functions of yeast are two entirely separate and inde- 
pendent powers inherent in the yeast-cell ; that they go hand-in- 
hand ; as the one becomes heightened so does the other ; and tiiat 
they do not, as Pasteur assumes, stand in inverse proportion to 
one another — that is, as the one function is lowensl the otlu'r 
is heightened. To more fully demonstrate the correctness of this 
view, ho performed a number of experiments which show that all 
tho.se cases which tend to lower the vitality of the yeast coin- 
cidentally lower both its respiratory and fermentative powers. 

Nageli’s Moleculo-Physical Theory of Fermentation. 

— This, which differs essentially from all the other theories of fer- 
mentation hitherto propounded, was published in 1879.^ Niigeli 
considers that tlie theories .so far proposed fail to account for the 
whole of the oliserved phenomena, and seeks to establish one 
which shall more perfectly include them all. By tlie extension, 
in a certain sense, of liis views on enzymic action he assumes 
that the numerous and complicated arrangement of atoms and 
atomic groups which constitute the jirotoplasm of a ferment 
organism are in a state of molecular vibration, each having its 
own particular rhythm. These vibrations the jirotoplasm is able 
to communicate to com|)ounds, which, liy diffusion, liave actually 
entere<l into its substance, or which, dissolved in the lifpiid, are 
in close proximity to it. These vibrations acting upon the 
atoms or atomic groups of the fermentable Ixwly cause them to 
rearrange themselves into new corujiounds. Since, in this case, 
we have a numl>er of substances present in the protoplasm, each 
of which has its own particular rate of vibration and is conse- 
quently capable of effecting a different transformation in the 

* Theorie der Odhrung, Miinchen. 
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fermentable substance, we meet with a great variety of products 
ill fermentation, such as alcohol, glycerine, succinic acid, &c. 
This also explains why a substance capable of producing fermenta- 
tion can never be isolated from the living cell : it does not exist. 
Nageli considers that there is no necessity for an organism to 
excrete an enzyme, unless the action has to be performed at a 
distance from the organism itself. When an organism has to 
effect a chemical transformation under such circumstances, it then 
secretes an enzyme, which being able to diffuse itself through a 
fluid, can travel to and act at a point more or less removed from 
the organism itself. This we see in the secretion of diastase, 
<fec., by the growing germ of the barleycorn, which, in order 
to secure its own nourisliment, must dissolve tissues situated 
at a distance from itself. Kiigeli considers it very questionable 
if the organism ever secretes ferments which shall be employed 
within itself ; he thinks that much more powerful energetic means 
for chemical action are at its disposal in the molecular forces 
of its own protoplasm. Again, the action of all enzymes is to 
convert a substance eitlier totally or [)artially unfitted for the 
nutrition of an organism into compounds better fitted, as, for 
example, the conversion of standi into sugar, albumin into 
peptone, &c. On the other hand, the substances produced in 
fermentation are of no further use whatever to the organism ; in 
fact, they are always prejudicial to it. Thus, yeast in a sac- 
charine medium produces alcohol, which, in suflicient (piantity, 
is absolutely poisonous to it. In enzymic action the chemical 
compound acted upon is transformed in a sinqile manner ; each 
of its molecules suffers identically the same transformation. In 
fermentation, since the living i)rotoplasm is constituted of many 
compounds, each of which has its oivn particular molecular 
movement, the molecules of the fermentable substance do not 
each undergo the same identical change, Imt are transformed 
into a variety of bodies, such as alcohol, carbon dioxide, succinic 
acid, glycerin, Ac. ; and, moreover, these bodies do not occur in 
the same proportions in every fermentation ; they vary consider- 
ably according as the particular conditions under which each 
individual fermentation takes place differ. Eermentation is 
invariably accompanied by the evolution of carbon dioxide, 
enzymic action never. Enzymes can bo replaced by purely 
chemical agents, such as acids, alkalies, or even heat alone ; 
fermentation has never been produced by such agents. Such 
profound differences in the two classes of reactions show that 
fhey must be produced by very different agencies. With refer- 
ence to Pasteur’s theory, Niigeli found that the presence of free 
oxygen favoured fermentation ; consequently, fermentative action 
could not be caused by the ferment being compelled to derive its 
supply of oxygen from the sugar molecule. He found that access 
0 tree oxygen to the yeast-cells was advantageous, and he assumes 
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that its invigorating action heightens the molecular movements 
of their protoplasm. Nageli then endeavours to decide whether 
fermentation takes place inside or outside the yeast-celL He 
shows from the results of his own experiments that the yeast-cell, 
wlien acting under favourable conditions, decomposes 1.67 times 
its own weight of sugar and produces 0.85 of its weight of alcohol 
in an hour. If the fermentation takes place entirely within the 
cell, there must pass into each of the most vigorous cells 3.3^ 
times its weight of sugar in an hour, and out of the cell in the 
same time 1.7 time its weight of alcohol. Though these quantities 
seem enormous, they were found to be quite within the osmotic 
capacity of the yeast-cell; hence no conclusion can be drawn 
from this as to where fermentation takes place. lie then seeks 
for analogous phenomena in other living cells. No plant-cell is 
able to ellect a transformation outside itself or to withdraw any- 
thing from an insoluble body so situated. For instance, though 
yeast-cells are able to withdraw oxygen from the cori)Uscles of the 
blood, they only do this indirectly ; they withdraw it by osmosis 
from the serum in which the corpuscles are bathed, and the 
corpuscles in turn yield up the gas l)y osmosis to the serum. 
Living bacteria have the pow'er of decolorising, by a process of 
deoxidisation, litmus dissolved in a nutrient medium. As the 
litmus molecules are entirely outside the investing membrane 
of such organisms, iiere is a case in wliich chemical action pro- 
duced by a living cell takes place outside itself, and this is ])erhaps 
the only known instance of this kind. Nageli found that when 
the thinnest membrane was interposed Ijotween the yeast and the 
fermentable fluid no fermentation took place. He considers that 
this fact not only indisputably proves that ferment action can take 
place in the closest proximity to the yeast-cell, but also that it 
etlectually disposes of those theories which assume that fermen- 
tation is caused by an enzyme .secreted by the yeast-cell ; such 
enzyme must nece.ssarily pa.ss through a meinluane by osmosis. 
But this also does not settle the question. The following facts 
seem to point to the action taking place outside the cell. Niigeli 
found in 1853 that when certain fruits were immersed, in their 
entire condition, in grape-juice which had been submitted to tlie 
action of the fumes of burning sulphur, fermentation took place 
in their interior, though no trace of fermentation could be detected 
in the gra}>e-juice in which they were immersed. But if the 
fruits, before being treakMl in this manner, were first carefully 
deprived of their skins, then no fermentation took place at all. 
Since yeast-cells or their spores are always to be found on the 
skins of ripe fruits, he considers that the fermentation in the 
former case was caused by the vibrations of the protoplasm of 
the yeast-cells being transmitted through the skin of the fruit 
into its interior. Nageli strongly impresses the point that this 
fermentation is not to be confused with the entirely intra- 
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molecular one discovered by Lechartier and Bellamy, described 
on p. 325* because the fleshy portion of a fruit, when deprived 
of its skin and adherent yeast-cells, caused no fermentation. 
Another circumstance which strongly favours the theory that 
ferment action occurs outside the cell is the formation of acetic 
ether when yeast and acetic bacteria are present in the same 
fermentable fluid. The yeast-cells are supposed to produce 
alcohol in their immediate proximity, and the acetic bacteria 
similarly acetic acid; these two bodies unite in their nascent 
state and produce acetic ether. The prejudicial influence which 
one energetic ferment exercises upon the nutrition and growth of 
another ferment seems also to be readily explicable on the assump- 
tion that ferment action takes place outside the cell. From 
experimental data Niigeli calculated that the greatest distance 
from itself at which an organism could excite fermentation was 
the one-fortieth to one-thirtieth of a millimetre. He considers that 
the molecular vibrations of the protoplasm of a ferment organism are 
transmitted in tlie same way as those of sound, light, or heat. The 
vibrations of one molecule .set up vibrations in another, ami these 
again in others, and so on. The vibrations of the protoplasm are 
first communicated to the sugar molecules which havepenetratedinto 
the interior of the yeast-cell by osmosis; these molecules transmit 
their vibrations to the sugar molecules contained in the membrane 
siuTounding the yeast-cell, which is .saturated with the saccharine 
solution, and these, in turn, to the sugar molecules di.ssolved in 
the fluid outside the cell. Finally, Hageli concludes that the 
cause of fermentation is the living protoplasm of the ferment 
organism, and therefore resides in its interior, but that it is able 
to extend its sphere of action to a distance of at least one-fiftieth 
of a millimetre beyond the investing membrane of such organism. 
The actual fermentation action is supposed to take place to a small 
extent inside the cell, but to a much greater extent outside. 

Fiigeli comsiders that this is true only with reference to the 
piincipal products of fermentation, alcohol and carbon dioxide ; 
the subsidiary products, glycerin, succinic acid, Ac., are most 
probably entirely formed within the cell. 

He thinks that the same theory may be extended to all other 
lermentations— lactic, butyric, putrefactive, Ac. The acetic fer- 
mentation, in which alcohol becomes oxidised to acetic acid, may 
e explained as follows ; The molecular vibrations of the protoplasni 
m the acetic bacterium are communicated to the alcohol and oxygen 
moleciiles absorbed by the organism, and by them transmitted'’ to 
ine alcohol and oxygen molecules outside the cell. When the 
ns ur jance of the equilibrium of these molecules has reached 
‘ ccr ain degree of intensity, a molecular transformation, i.e, a 
emical change, ensues. A part of the process takes place in 
e interior of the cell, but the greater part outside. 

e considers that the action of a ferment may be divided into 
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two stages ; in the first of these the equilibrium of the molecules 
is disturbed, and to effect this a small amount of energy is expended 
by the yeast-cell ; in the second stage, by virtue of the new attrac- 
tions and repulsions brought into play amongst the molecules, new 
phases of equilibrium become established among them, which result 
in the formation of new compounds, and -this process is accom- 
panied by the liberation of energy, which appears as heat. 

Hoppe-Seylep’s Theory of Fermentation.— This physio- 
logist ^ considers that fermentation is caused by an enzyme secreted 
by the yeast, and that the division of ferments into organised and 
unorganised is entirely wrong. If the whole organism is to be in- 
cluded under the denomination “ferment,” then no division is made 
between it as a whole and its several constituents, nor between its 
Avhole life and the individual processes of its life. The idea of an 
organised ferment, in Pasteur’s sense, might bo applied to every 
organism, even to man himself ; the ferment (enzyme) which con- 
verts glucose into alcohol and carbon dioxide is identified with the 
whole organism of the yeast-cell, and the production of glycerin 
and succinic acid arc avssumed to be connected with the same 
process. But the yeast-cell produces fat, cellulose, invertase, iVm,, 
and Iloppe-Seyler conshlers that to assume that one series of vital 
processes is inseparably connected with the whole life of the cell, 
and that another series is not, is quite an arbitrary assumption. 

It has been hitherto supposed that oxidation in tlie living 
organism was purely a process of addition, similar to that which is 
effected by ozone or potassium permanganate. It was thought that 
oxygen combined directly with organic substances and converted 
them into compounds becoming progre.ssively richer and richer in 
oxygen, until tlie final stages of water ami carbon dioxide were 
reached. This view is, however, contradicted by recent observa- 
tioms, and it .seems much more j)robable that the transformatiim 
process dei)ends c-ssentially upon the action of water, which, though 
itself a comparatively inert substance, yet, when under certain 
conditions co-operating with tho.se organic l)odie3 which we call 
enzymes, can then cause profound changes. All organi.sm3 contain 
and produce enzymes, and the higher organisms produce a large 
number of different varietie.s. The enzymes themselves are ex- 
tremely unstable bodies whicli have the power of decomposing 
hydrogen peioxi<le (U0).„ and, with the assistance of water, can 
transform certain organic compounds into others which possess le.ss 
heat of combination. The organisms which are concerned with 
fermentation are, according to Iloppe-Seyler, able to produce ana 
to be the bearers of ferments. These are just as inseparable from 
the organism as the contractile substance is from the muscle, or 
the protoplasm from the organism itself ; with the death of the 
organi.sm the ferments cea.se to act. 

Water, according to Iloppe-Seyler, is essentially necessary for 

* Phyticlofj. CJiemie, 
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fermentation. In ferment action, according to his theory, the 
oxygen atoms split up from the hydrogen atoms and attach them- 
selves to the carbon atoms ; the liberated hydrogen, being in the 
ncoscont state, converts any oxygen which may be present into 
active oxygen. 

In the alcoholic fermentation the sugar molecule is split up by 
the ferment into two atomic groups, and two molecules of water 
are split up into two hydrogen atoms (H.^) and one hydroxyl (HO).^ 
molecule. The oxygen of the hydroxyl exercises an oxidising 
action on the two molecular groups into which the sugar is split 
lip, the hydrogen simultaneously exercising a reducing action. 
Through this combined action two molecules of carbonic acid, 
CO(OH)<j, and two molecules of alcohol are yielded, thus : — 

CaH,,Ofl + 2H,0 -= 2C0(0H)2 + CoH5(OH) 

Glucose. Water. Carb(»nlc acid. Alcohol. 

The carbonic acid then breaks up into water anti carbon dioxide. 
The production of glycerin, succinic acid, and the higher alcohols 
(fusel oil) are not considered to be connected with this process, 
which is essentially concerned in tlie decomposition of the sugar. 

Experiments of Adrian Brown on Fermentation.— 

Though the theory of fermentation propounded by Pasteur is per- 
haps the one which has met with the wide.st acce])tance, yet in later 
times numerous observations have been made which tend to throw 
considerable doubt Ujwn its validity. We have seen how l)oth 
Schiitzenberger and Niigoli found that fermentation by yeast was 
aided rather than hindered by the presence of oxygen. Blanken- 
horn observed the same thing in the process of wine-making ; at 
the end of the fermentation of the grape-juice a certain amount of 
sugar is usually left uiifermented, and if at this stage the young 
wine be aerated, fermentation commences anew, and the last por- 
tions of sugar disappear. .More striking still arc the experiments 
of Adrian Brown performe«l witli a view to the further elucida- 
tion of the phenomena of fermentation. In these, following the 
example of Pedersen, Hansen, and others, he employed a method of 
counting the yeast-cells formed at the various stages of the process 
hy means of an instrument wiiich, as it was originally invented to 
count the red corpuscles of the blood, is called a “ a hcTinatimeter.” 

The Hsmatimeter and the Method of Using it.— This instru- 
nient consists of an ordinary glass slip, to whioli is cemented a 
cover glass of a definite thickness, say the one-tenth of a milli- 
uietre, in which a circular aperture has been cut out. This 
crms a shallow troiigli one-Uuitli of a luilliinetre in depth, 
cons(3(piently, when a (Irop of fluid is placed in the trough and 
covered with a tliin cover-glass, it is evident that we have a layer 
^ hnd one-tenth millimetre in thickness. On tlic bottom of the 
f^ugli a series of squares are engraved, the sides of which are 
Qc- wentieth of a millimetre in lengtli ; consequently, the area of 
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each square will be x = tIjs ^ square millimetre, and 
the amount of fluid represented by one of these squares is . 

X of a cubic millimetre. If a drop of fluid containing 

yeast-cells is placed in the trough, taking care that the drop is of 
such a size as to nearly till the trougli, but not so large as to exude 
when the cover-glass is put in its place, aud the whole allowed to 
remain at rest for a short time, the yeast-cells will settle to the 
bottom of the trough. The slide is then placed under the micro- 
scope, and the number of yeast-cells counted gives the average 
number of cells contained in each cubic millimetre of 

the liquid. For instance, if, on counting 64 squares, 168 cells are 
found, then this number divided by 64 'will give 2.625 the 
number of cells per -4^0 ^^d)ic millimetre. AVhatever tlie volume 
per square of the instrument may be, this is taken as the standard 
volume ; and as all calculations are made to this one volume, some 
little latitude in its size is permissible. Before placing the liijuid 
in the instrument, it is necessary to agitate it for some time, so that 
the yeast-cells may be evenly distributed and an average sample 
obtained ; also to see that the yeast-cells are not too numerous to be 
conveniently counted ; this may always bo secured by sulHciently 
diluting the liquid and making a subsequent allowance for the 
amount of dilution. The fluid used should have a s])ecilic gravity 
so high that the yeast-cells do not sink in it too rapidly, and yet 
not so high as to catise them to take an inconvenient loigth of 
time in subsiding. Wort of the strength usually used in brewing 
operations ofters no difliculties in either of these directions. In 
those cases where the yeast-cells exhibit a great tendency to cling 
together, and also for the purpose of stopi)ing the growth of the 
cells, Hansen recommends the addition of one or two volumes of 
10 per cent, sulidiuric achl. 

The Amount of Increase of the Teast-cells in a Fermenting 
Fluid is Determined by the Volume of the Fluid. -Adrian 
Brown ^ found that when. equal quantities of the same ferment- 
able fluid were seeded, the one portion with 0.93 yeast-cells per 
standard volume,- ami the other with 7.44, at the conclusion of the 
fermentation the number of yeast-cells found in eacli of the two 
solutions wen; 25.14 and 27.08 respectively — that is, ])ractically the 
.same number. From this and other similar experiments it was 
conclnsiv«.dy sliowu that the number of cells found at the end of 
a fermentation was little inthience<i by the number added at its 
commencement, provid<Ml they did not exceed a certain niiiaher; 
in fact, that the number of yeast-cells found at the eml of a 
fermentation wa.s dependent, to a great extent, on the volume 0 
the fluid ; in other words, that with a certain volume of 
there was a certain maximum Imyond w'hich no further increase 

‘ Jourruil of ihf Chetnical Society, 1892, p. 369. , j^, 

^ The standard volume used in all these exi»eriment8 was ^ 

millimetre. 
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of yeast-cells appeared possible. By adding more yeast-cells at 
the commencement of a fermentation than was the maximum for 
the particular volume of liquid being used, the further increase of 
yeast-cells was almost entirely suppressed ; and when two or three 
times this maximum number was added, then no further increase, 
as evinced by sigms of budding, was visible. ]>y working in this 
way, it was possible to eliminate fiom a fermentation all the in- 
fluences due to the multiplication of the yeast. 

In. two parallel experiments conducted under conditions where 
this large excess of yeast was employed, air was caused to con- 
tinuously bubble through the fluid in the one case, while the other 
was conducted in the ordinary manner. It was invariably found 
in those experiments which were liberally supplied with air that 
the most sugar had disapi)eared in a given interval of time. In 
order to ascertain if this increase of fermenting power was caused 
by the agitation of the liquid caused l»y tlie air bubbling through 
it, parallel experiments were made in which either carbon dioxide 
or liydrogen was passed through tlie fluid in a similar manner. 
Fermentation, however, always took place with greater rapidity 
in those cases where the fluid wiis liberally supplied with air. 
These results, therefore, stand in direct contradiction with the 
hypothesis of Pasteur, that under the influence of free aLU'ation 
the fermentative activity of yeast is diminished. 

In a more recent paper,^ A. Brown brings forward further 
arguments and fresh exi)erinients in sup[)«)rt of his contention. 
The discussion is con lined to fermentation produced by yeast 
alone, and no reference is made to those exj>eriments with mould 
fungi, bacteria, Ac., l)y which Pasteur sought to extend to every 
living cell the property of l)eing able to excite fermentation, since 
these latter could but strengthen the theory l)y analogy after it 
had been conclusively provefl to be true with regard to yeast. 
Brown considers that Pasteur’s experiments may be divided into 
two classes, the first of which suggests the prol)ability of the 
correctness of his theory, the second those l»y which he attempts to 
prove its truth. To the first class belongs the experiment on p. 322, 
where a large quantity of oxygen was absorbed by yeast when 
grown in a thin layer of fermentable fluid freely exposed to the 
air , this, however, merely proves tliat yeast is able to grow under 
aerobic coinlitions, and gives no information concerning its fer- 
mentative functions. So the experiments on pp. 319 and 320, 
wiich show that yeast can grow and carry on a lirisk fermentation 
"^Ben entirely cut otf from access of air, only demon- 
s la e the fact that yeast can also live under anaerobic conditions, 
m lat yeast, when existing under the latter conditions, can 
cause fermentation. 

To the second class belong those experiments which tend to 
* Journal of the Chcmiml Soridj/y 1894, p. 911. 
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show that the more and more yeast is caused to act under an- 
aerobic conditions, the greater becomes its fermentative power ; ami 
on these conclusions is based the theory that fermentation is “ life 
without air.” But as A. Brown says, if Pasteur’s experiments 
are to conclusively prove his case, “ two points are essential- 
first, that the ratios of the weight of the yeast formed to sugar 
fermented should be numerical expressions of the fermentative 
powers of the yeast ; and, secondly, that these ratios should he 
comparable with each other. For })y comparisons between these 
ratios Pasteur determines the relative fermentative powers of tlie 
yeast-cells under varying conditions of experiment, and established 
his theory upon the conclusions thus arrived at. If, then, the 
ratios of yeast to fermented sugar do not express the true 
fermentative powers of the yeasts, or if these ratios are not 
comparable, Pasteur’s deductions fail, and his theory remains 
without experimental proof.” According as fermentations were 
carried out under diflerent conditions with reference to air supj)ly, 
the proportions of yeast formed to sugar fermented varied from 
1:176 to 1:4; that is, the greater the .sujjply of air tlio less 
the yeast acted as a ferment, and the nearer it approached the 
manner of living of an ordinary fungus. But, as Brown remarks, 
the ratios given are a.ssumed to express fermentation powers that 
nre comparable with each other ; and in onler to do this correctly, 
the numbers given must either express the total or some known 
fraction of the fermentative power of tlie yeast; though, un- 
doubtedly, Pasteur assumes that those numbers expressed the total 
fermentative pow'er which the yeast was capable of exerting. In 
the experiment in flask C (|). 120), as sugar was j)resent in tho 
solution when the exj)eriment was terminated, the yeast had been 
able to exercise its fermentative powers during its whole existence, 
and here, perhaps, its toUil power was represented as nearly as 
possible, thougli a very languid fermentation was still proceeding. 
In the experiment in flask B, as the whole of the sugar was 
fermented, the fermentation must necessarily have come to an 
end, and no evi<lence is afforded that in this case the whole 
of the fermentative j)ower of the yeast was obtained, since, had 
tlie yeast liad more sugar at its command, it would undoubtedly 
have still continued to exercise its fermentative functions. Still, 
Pasteur assumes that the ratios obtaine<l in thesedwo instances were 
comparable. This would be true if the ratio of yeast produced 
to sugar fermented was a constant one, but such is by no means 
the case, as the following experiments show. Five fermentations 
were conducted, each with 100 c.c. of sterilised yeast water, to 
which weights of cane sugar varying from 2.5 to 30 grammes were 
added, each being impregnated witli a trace of a pure culture 01 
high fermentation yeast. The results are appended in the follow- 
ing table : — 
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No. of 
Experi- 
ment. 

Time of 
Fermenta- 
tion. 

Grammes 
of Sugar in 
Solution. 

I 

5 days 

1 ^7^' 

2 1 

5 days 

! 5-0 

3 1 

7 days 

lO.O 

4 1 

12 days 

20.0 

5 i 

20 days 

30.0 


GraiHMieB ; Weight of 
I of Sugar .Yeast Formed, 
Fermented, j in Uramines. 


2.5 

0. 1 240 

5-0 

0.1550 

1 0.0 

0.1775 

20.0 

0. 1400 

25- 1 7 

0. 1 380 


i No. of Cells Ratio of Yeast I 
, per Standard to Sugar ' 
! Vol. Fermente«l. 


8.51 I : 20.2 

9-94 I : 32.3 

10.44 I : 56 3 j 

1 1. 17 I ; 142.9 

12.26 I : 182.4 , 


These results show how little the weight of yeast formed is in- 
fluenced by the strength of the solution. The yeast increases in 
weight in solutions up to lo per cent, strength, after which there is 
a diminution as the solution becomes stronger.^ These differences 
in the weights are very slight, and <listinctly prove that the weight 
of the yeast formed bears no definite relation to tlie weight of the 
sugar fermented. According to Pasteur’s views these ratios repre- 
sent the fermentative powers of the yeasts, and should tlierefore 
be comparalde with one another. If tliis were so, then the 
yeast in e.xperiment 4 had about four and a half times tlie fer- 
mentative power of the yeast in experiment 2, and in both tliese 
cases the sugar was entirely fermented. The only difference in 
the conditions of the two experiimmts was the amount of sugar 
present, and probably the reason wliy the yeast exhibited this in- 
creased fermenting power was l>ecause it liad more sugar to act 
upon. Nothing in either case shows that the yeasts had exerted 
more than an unknown fraction of their fermenting power. In ex- 
periment 5 sugar was still [iresent at the termination of the fer- 
mentation, consequently the yeast here deconqiosed as niiicli sugar 
as it was capable of doing. In tliis case it is notable that tlie 
ratio of yeast formed to sugar decomposed was 1:182, a lower 
result than the lowest obtained by Pasteur when working under 
the most perfect anaerobic conditions ; yet air bad access to the 
fermenting fluid all the time. Pruwii further concludes that 
though there are many other factors concerned in fermentation, 
the amount of sugar present is the principal one influencing the 
ratio of the weight of yeast forme<l to that of the sugar fermented, 
and not the relative condition of aih-ation or non-aeration. The 
following experiments show clearly that the true ratio is not given 

experiments of such a nature as that of P (p. 320). Three 
flasks numbered i, 2, and 3, each containing 200 c.c. of a 5 per 
cent, solution of cane sugar in yeast water, had their mouths closed 
^ith cotton- wool plugs, and were sterilised. One of these, No. i, 
was so arranged that when the fermentation in it was ended, 
the solution could be partially withdrawn and replaced by fresh, 
tach was impregnated with a trace of a pure culture of high 

^ yeast-cells still continue to increase in number, but become smaller 
'n size. 
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fermentation yeast and kept at a temperature of 26“ C. (79“ F.). 
In four days fermentation had ceased, and in flask 2 the ratio 
of yeast formed to sugar fermented was found to be i : 29. The 
same day 120 c.c. of the fermented fluid were removed from 
flask I, and 50 c.c.^ of a solution containing 10 grammes of sugar 
were passed into it. A rapiil fermentation- ensued, which ceased 
in three days, when a further portion of the fermented lii^uid was 
again removed, and replaced by another 50 c.c. of a solution 
containing 10 grammes of sugar. Fermentation was over in 
another six days, and the yeast-cells were then counted and 
weighed. The yeast in flask 3, which liad remained at rest the 
wliole time, was similarly treateil. The results of the tliree e.\- 
periments are appended : — 


No. <if 

Duration of 
Ex[)erirnent. 

No. of (.’ells 

T..tal Weight of 

Total Sugar 

Ratio of Ve;\nt 

Experi- 

Found i»er 

Veagt Found, 

Fennented, 

to Sugar 

ment. 

Standard Vid. 

in (frainnie.H. 

in GraniineH. 

Fermented. 

I 

13 dajs 

9 - 3 ^ ; 

1 0. 2990 

30 

I ; 100.4 

2 

8 clays 

9.02 ! 

i 0-3435 

; 10 

1 1 ; 29.1 

3 

ij days 

9.40 

1 0-2435 

10 

I : 41.0 

1 


Though the number of yeast-cells in each experiment was 
practically the same, three times as much sugar was fermented 
in experiment i as in 2 and 3. The wtdght of the yeast formed 
in the three experiments somewhat dilhu-s, and has derTcasoil in 
experiments i and 3. In the latter the decrease is probably 
owing to the fact that it liad remaineil in an exliausted soliitiiiii 
for some time, and it i.s known that yeast does lose w'eight 
under the.se conditions. The yeast in exp('riment i liad actually 
Ixien employed in fermenting all the time, and the fact that it had 
lost weight distinctly proves that the fermentative functions of 
the yeast cell are not in any w'ay connected with its growth and 
development. The.se experiments, then, distinctly show that the 
ratio of yeast formed to sugar fennented do not express the tiuo 
fermentative; powers of the yeast, or any known fraction of that 
power, when tlie yeast has only a limited amount of sugar at its 
command, and such ratios are tlierefoie not comparahh;. 
reference to Pasteur’s experiment on p. 322, where hy growinK 
yeast under conditions of very free, aiTation, and where the ratio 
of yea.st formed to sugar fermented was i ; 4, Ilrown olijects that ' 
here the element of time wms introduced ; fermentation wis 
arrest<;d when there was sufficient yeast formed to ho weighablCi 
its action was limited in point of time, and tlioro was nothin, hj 
show that if tlie experiment ha<l lx;en continued the yeast won ' 

* The volume of this Kolutioii was kept small in order to prevent an.V 
multiplication of the yeast-cells, as this would have necessarily vitiated 
result of the experiment. 
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not have gone on fermenting. Hence, according to Pasteur’s 
own views, tlie ratio thus obtained does not represent the fermen- 
tative i 30 wer of the yeast, but its fermentative energy. 

But there is still a further objection to this experiment: 
Pasteur employed cane sugar. It has been distinctly shown by 
J. O’Sullivan ^ that the fermentation of cane sugar is invariably 
preceded by its inversion, and Jlrown j)roves, by the following 
fexj)ei‘iments, that during the time that Pasteur allowed his ex- 
periment to proceed, the yeast was really occupied in inverting 
the sugar. Fermentations were started in six flasks, with, in eacli 
case, a trace of yeast. Three of the flasks contained a 10 pcir 
cent, solution of cane sugar in yeast water, the remaining three a 
similar solution of glucose. In forty-eight hours, when sufficient 
yeast had formed to be weighed, the experiimnit was stopped in 
one flask of each series, and the ratio of yeast formed to sugar 
fermented determined. Tlie same oi)e ration was i)erforined in two 
other flasks at the end of sixty-six hours, and with the remaining 
two at the end of ninety hours. Tln^ results are appended 


Cane Snirar Kxperinients. (Jlur..se ExiH>rin.ent8. 


Time from 
Inoculation. 

Yea«t Found, 
in OniuiinoH. 

Oratnirifs of 
Sujiar 
FoniU'Uted. 

Ratio of 
Veant to 
Snik'ar 
Fcrnu-ntod. 

Vonst Foumi 
ill (iniiiiiiu-s 

j Oraniniig of 
Sniiar 
Fi-rinentid. 

Ratio of 

Y east to 
Siisar 
Fermented. 

^ 42 hours 
66 hoiir.s 
90 hours 

0.098 s 
0.1785 i 
0. 1 900 

0-531 

4.026 i 
6.812 i 

1:5-4 

I : 22.5 

1 :3S.«S 

0.1040 

0.1692 

0.2090 

2-334 
4.364 , 

6.920 ' 

I : 22.4 
1:25.8 
>:33-i 


These distinctly show that when y(*ast is adtled to a solution of 
cane sugar, the yeast is employo'd for a considerable length of time 
m inverting the sugar before it commences to exercise its fermen- 
tative functions; but when a considerable (piantity of sugar has 
become inverted, fermentation jiroceeds with much the. same 
rapidity as it does in a solution of glucose. 

Brown finally concludes that as I’asteur has not correctly 
etennined the fermentative powers of the yeasts, and that as 
these are not comparable witli each other, his theory remains 
, wi lout proof: “If, in the ]>lace of M. Pasteur’s theory that 
ermentation is ‘life without air,’ is substituted the consideration 
ja yeast-cells can use oxygen in tlie manner of ordinary ai'robic 
igi, and probably do require it for the full completion of their life 
ind T’ exhibition of their fermentative functions is 

environment witli regard to free oxygen, it 
Past nothing in the results of any of M. 

GUrs experiments contradictory to such a hypothesis.” 

^ Journal, of the Chemical Society^ 1892, p. 593. 
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Investigrations of Dr. Emil. C. Hansen.— We now come 

to the epoch-making work of the Danish i)hysiologist, Dr. K 0 . 
Hansen, on the organisms of fermentation, which has had the 
effect of placing our knowledge of these bodies on an entirely 
new and much more definite basis. His researches have led to 
the discovery of properties and peculiarities possessed by these 
organisms hitherto unheard or even undreamed of, tlie import- 
ance of Avhich to tlio brewer it is hardly possible to estimate. 

The happy idea occurred to this pliilosopher that, in order to 
investigate with any degree of exactitude tlie life conditions or 
the specific action of any one set of these organisms, it was first of 
all necessary to secure a supply of them in a state of absolute purity. 
Fully recognising the fact that the only way to effect this must 
be to stirrt such a culture from a single organism, he set alxiut to 
devise a method by means of which this could be accomplished. 

The Dilution Method. — In his earlier experiments pure cul- 
tures from a single yeast-cell were obtained by a method similar 
to that which had been employed by Lister in 1878 for securing 
pure cultivations of lactic acid bacteria, and whicli is known 
as “the dilution method.” In this a number of organisms are 
distributed in a (piantity of a culture liquid, and the number 
present in a measured drop ascertained by means of the lucmati- 
meter. Another drop of the .same mixture is then added to a 
quantity of sterilised w’ater sufficient to ensun* that each drop of 
this diluted mixture .shall contain, on an average, less than one 
organism. If then a number of ffa.sk.s containing sterili.sed culture 
fluid are taken, and a drop of this mixtun' added to each of 

them, and if, after a sufficient time has been allow’od to elapse for 
the organisms to develop, .some of the flasks nuuain sterile, it is 
extremely probable that the remainder will have only received 
one organism each. 

Instead of employing the hiematimeter for counting the yeast- 
celhs, Hansen made use of a microscopic cover-glass, the central por- 
tion of which was ruled in a .series of sjjuares. A small droj)of the 
fluid containiiig the yeast was placed on this ruled |Hjrtion, the glass 
turned over and placed on a moist chamber, and the number of yeast- 
cells in the dro[) counU'd umler the microscope. If such a drop, con- 
taining tw'enty cells, were mixe<l with 40 c.c. of sterilised ^vate^, 

2 C.C. of this mixture w'ould contain, on the average, one cell. Ih 

then, to the sterili-scul contents of forty flasks i c.c, of this mixture 
was added to each, presumably one-lialf of tiie flasks would, in 
course of time, show signs of infection, and the other half would 
remain .sterile. It was found in practice, however, that this did 
not always hapjien, for sometime.s, in spite of all precaution.s, two 
organisms wouM gain entrance to one flask. This difficulty was 
obviated by the discovery that, if the flasks were vigorously shaken, 
in those to which two yeast-cells had gained access the cells were 
almost invariably widely separated by the shaking, and the colonies 
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which they subsequently formed made their appearance in two 
dilferent parts of the flask. In this way an almost absolute degree 
of certainty was introduced into the dilution meth<jd. It was by 
this modification that Hansen’s earlier observations were made, 
and upon these his principles were grounded. 

Plate Cultivation. — In the year 1872 a method for s(‘curing 
pure cultures of bacteria was proposed by Schriiter in which a 
semi-solid substratum was employed, and this, as imjiroved by 
Koch, now forms the |>rocoss chiefly used for the isolation of 
bacteria. The method does not, however, jirovide that an ab- 
solute pure culture is olitained with certainty ; for, as shown 
by Miquel, 100 colonies obtained on a gelatin meat-broth plate 
may contain 108 different varieties; and Holm, working with 
yeast cultures on gelatin-wort plates, found that 100 colonies con- 
tained, on the average, 108 varieties and in extreme cases as 
many as 135. 

Hansen’s Modification of Koch’s Plate Method. — Hansen, 
however, so modified the [ilate-cultivation method that it yielded 


FlO. 47.— ii.jttchcr Moist (, hainl)er (//aiWi #!). 

absolutely certain results ; it was .so arranged that the individual 
yeast-cell was kept under ob.servation during the whole time occu- 
pied in forming a colony. 

Preparation of the Pure Culture from a Single Cell. — In 

Hansen’s first methoil a dilute mixture of yeast and sterilised 
water i.s made in a sterilisetl llavsk. A droj) of this mixture is 
examined under the microscope, and if the field contains more 
than twenty or thirty cells, more water i.s addcil until the 
proper degree of dilution is obtained. A test-tube containing 
sterilised wort-gelatin (pr(*pared with clear bright wort of about 
1056 specific gravity, and containing 5 or 6 per cent, of g(datiii) 
IS warmed until its contents are just fluid. A .small portion of 
the yeast mixture is tjiken up on the platinum wire or loop and 
stirred into the gelatin, and, after the tube has been closed with 
a cotton-wool plug, it is turned and twisted about until the yeast- 
cells are evenly distributed throughout the gelatin. A drop of 
fie mixture is then examined under the microscope to see if the 
1 ution has been carried to the right extent — that is, that the 
th yeast-cells are so far apart that there is no chance of 

e colonies they subsequently form touching one another. If 
iis has not been secured more wort-gelatin is added. The right 
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degree of dilution having been attained, a small drop of the gelatin 
is spread out in a thin layer on a microscope cover-glass and placed 
under a bell-glass until the gelatin has set; this takes place in 
about a quarter of an hour. It is then placed, gelatin side down- 
wards, on one of the Bottchcr moist-chambers shown in Fig. 47. 

The chamber consists of a piece of glass tube about |-incli in 
diameter and alwut A-ineh in length, ground perfectly true at botli 
ends. One of these is cemented to an ordinary microscopic slip; 
the other end is slightly smeared with vaseline, so that when the 
cover-glass is placed in position an air-tight joint is formed. A 
drop of water is placed in the chamber previous to its being used, 
in order to prevent evaporation from the surface of the gelatin. 
The whole is then placed under the micro.scope, and the miniature 
cultivation plate examinotl with a power of about 250 diameters. 
Those cells which are so far apart from one another that there is 
no chance of the colonie.s tliey will subsequently form toucliing, 
are marked. Tins may l)e. done by making small circles rouml 
the cells with an or<linary pen and ink, or with a small camel-liair 
pencil and a little Chine.<e white ; or the o 1 )ject-marker of Klonne 
and ^Muller may be used. This last is an arrangement which 
screws on to the nose of the microscope in place of the objective, 
and which, when the body of the instrument is [)ushed down, prints 
a little circle on the cover-glas.s. A cover-glass wliich has been 
previously marked out into small .sipiares by means of hydrolluoric 
acid may also l^e employed, the columns of sipiares being niim- 
lx*red on two adjacent sides of the marke«l-out })ortion. It is well 
to make a sketch of the field, as this will materially assist in 
the subsequent iilentification of the cells. After the individual 
yeast-cells have been marked in one of these ways, and a nuniher 
appended by the side of each circle to imlicate it, or the two colunins 
which intersect to form the .sijuare noted, the moist chamber and 
its contents may either be left at the ordinary room temperature 
or placed in an incubator an<l kept at a tem])erature of 24" tc 
25 C. (75^ to 77" F.); in the former case the develojiment of 
the colonies will Ih) somewhat slow. The growth of the yeast- 
cells is watcheil day byilay to .see tliat the colonies do not encroach 
upon one another. In a few days they will have become .so lar;;e 
that they can be seen by the naked eye. When they have arrived 
at this stage, iM)rtions of them are removed from the gidatin 
and jdaced in wort in the following manner ; -A piece of tlnn 
platinum or iron wire alxmt half an inch long is taken uj) with a 
pair of tweezers and heated to redness in a Bun.sen burner, and, 
after being allowed to grow cold, its end is inserted into one 01 
the colonies and gently stirred about, so that some of the yeast- 
cells adhere to it. Tlie wire is then dropped ink; a Pasteur fln.^h 
containing sterilised wort. The flask, after being labelled, is 
in an incubation-chamiKjr and kept at a temperature of from 25 
to 28" C. (77" to 80" F.). In two or three days the contents 0 
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the flask will be found to be in a state of lively fermentation, and 
in a week or so a fair quantity of yeast will have formed. 

Some of the Diseases of Beer may be Caused by the Saccharo- 
mycetes. — When pure cultures of yeast, obtained in this way from 
a single cell, came to be investigated, it was found that the ordinary 
yeast used in breweries never consisted of one single species, but 
of a number of varieties exhibiting markedly different properties. 
This led to the important discovery being made that some of those 
deteriorations which beer is liable to undergo in the course of its 
manufacture, and which up to tliat time had been solely attributed 
to the presence of those bacterial organisms commonly known as 
“disease ferments,” could be produced by some varieties of the 
yeast itself. 

Distinction of the Different Varieties of Yeast. — Hitherto 
yeasts had been solely difTerentiated by the various forms they 
presented when observed un<h;r the niicrosco])e, but it was soon 
discovered, by working with ])ure cultures of ojie single species, 
that this criterion could not l)e relied on. Although a circular or 
.slightly oval shape is to a certain (‘xtent characteristic of the 
Sacchawnif/refi rerecma'^ an oval one of the S, r/liia^aidens, and a 
sausage-shai)e of S. Puf^foriauus^ yet under certain circumstances 
any one of these varieties may temporarily a.ssume the forms of 
the others. Hence it becann* nece.‘^.sary to iliscover some test or 
tests by which the different varieties of yeast could ))e di.stingui.shed 
with certainty. This probhun was aho solved by Han.sen, who, 
hy making oh.servations on the occurrence of spore formation at 
different tein|ieratures, found that each s}>ecies only develo})ed 
.spores between certain definite teni])eratures, and that when the 
whole of the six races w’ere miltivated at a ilefinite temperature 
at which they were all al)le to form spore.s, much difference was 
exhibited in the time which elap.sed before spore formation com- 
menced in the various species, lly taking the times of the develop- 
ment of spores as ah.sci.s.sae, and the temp(*rature as ordinates, it 
wa.s po.ssible to construct a curve for each yeast, and these curves 
differed materially fnnn one another. 

A number of organisms wliich liad hitherto been included 
amongst the Sacrharoint/cdf^'i were found not to yield spores, 
such as S. ap{rulaiu,% S. S. miiroderma. This pointed 

to a great difference in the nature of these organisms and that 
f^f the true iiaccharumyretes. In testing yeasts from various 
sources Hansen found that there were three distinct species 
of spore -bearing SaccharowyreteA^ and tliat each of these species 
could be further subdivided into varieties. The variety was indi- 
ca ed by placing a Roman numeral after tlie name of the 
species: thus we have S. cerevUitv. /,, <S'. cerevmtv 11 .^ and so 
Iheir general forms are illustrated in the accompanying 
pre.s (48 to 53) and their temiierature limits in the tables 

appended. * 
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The temperature at which the divergences are widest with 
these six varieties is about 52'^ F., at which ten days are required 
by S. eerevisix to form spores, less tlian four by aS’. Padorianus I 
and //., less than seven by aS^. Padorianus III., Ie.ss than four and 
a half by S. ellipsoideus /., and less than four and a half by 6’. 
ellii> 8 oideus IL In order to find out if a given sample of yeast is 
contaminated Avith any of the last five varieties — or, as they are 
termed, wild yeasts— it is only necessary to cultivate [i portion of 
it on a plaster block at a tem[)erature of 52“ F., and, if no spores 
make their appearance before ton days, the sample may be i)ro- 
noimccd free from wihl yeasts. In making such a culture it is 
necessary that Hansen’s directions be rigidly adhered to, or the 
sjwre formation will be irregular; he has shown that if the young 
cells of a particular sample of yeast are cultivated in the same 
wort for two days insttmd of one Ixdore being transferred to the 
plaster block, the time of spon* formation will not be the same. 

Of the varieties of yeast capable of ]»roducing diseases in beer, 
8 . Padorianus /. communicates an intensely nauseous bitter 
flavour to beer, and S, Pastorianus III. and N. ellipsoideus II. 
cause persistent chjudiness. N. Padorianus IL produces no ill 
ellects in beer, neither does S. dlijtsoidens whicli is tlie principal 
yeast occurring in the fermentation of grape-juice. 

Introduction of Pure Cultures of Yeast into the Brewery.— 
In 1883 Dr. Hansen published a paper in which he de.scribed the 
removal of an irregularity which liad for two years shown itself 
ill the products of the Tuborg llrewery, mmr Copenhagen; the 
])ecM-s of which were allected witli ])ersi.kcnt turliidity. This was 
effected l)y introducing into the brewery yeast grown from a single 
coll. At about the same time the b(‘ers of the old Carlsbero 
brewery became atlected with a nauseous liitter taste and un" 
1' easaiit (xlour. Ihe yeast in u.se tliere was examined and found to 
consist of four dillerent varietie.s. After expm'imeiiting with these 
shingly and in combination, it was found that onlv one of the h)ur 
was capable of yielding a satisfactory be.‘r. Another of them 
was found to be aS. Pa-dorianus /., and it was this which had 
guen to the beer its olqectionable llavour and odour. The state of 
iutroducti«>n of a |)iire culture of that 

now known all over the, world as Carlslan- bottom yeast No. ,, 
fe,™ f introduction into the 
snecin consi.stino cntirolv of one race or 

stitiit,!.’ '•>' stiirtiiif; the cullnre fr,.m a .single cell, con- 

"ri.'itn'f b’rent reform: it is nndoubtedlv one of the 

therof!* '■^’orni'dions of modern timo.s. The benelits to be derived 
ns to tl Bi’f'ire, brewm-s were, completely in the dark 

vatinrr ; I'P , '’® properties of tlie organisms they were cnlti- 
PMtiiMil'*. '**'*' i^'i"', it is comparatively easy to find the 

of hecr 1 Tv 0)1 yeast best fitted for producino each class 

> laving once obtained it, it is possible to secure ever 
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afterwards a constant supply of yeast possessing the same identical 
characters and properties. Thus, where all was problematical before, 
a definite result is now assured by determinate means. 

Difference in the Properties of Various Yeasts. —When the 
method of making pure cidtures of yejists from a single cell Ix'gaii 
to be extensively practised, it was soon discovered tlmt yeasts 
differed remarkably in their t)roperties. Thus some were fouiid 
to attenuate wort much more rapidly than other-s, some to yiehl 
beers of a much more stable nature than others. The tlavours 
of beers, produced from a wort similar in all res[)ects, were fouiul 
to vary considerably when different races or varieties of yeasts 
were employed. Considerable difference was found in the amounts 
of the de.xtrins fermented away ; in other worils, some yeasts 
attenuated to a much higher degree than others. Sucli is the 
effect of the yeast upon the flavour of the fermented ])ioduct that 
it has l*een found jtossible to obtain from malt wort, by employing' 
for its fermentation one of the wine yeasts, a beverage scarcely 
distinguishaVtle from wine. 

The Practical Application of Pure Cultures of Yeast in the 
Brewery.- In intro(lucing a culture of single-cell yeast into a 
brewery, the .sam[)le of yeast being us(*d at the tiim; is taken and 
from it a num))er of single-cell cultures imulc. It is best for this 
puri)ose to take the yeast from the upp(‘r strabi of the wort at the 
beginning of a fermentation, ft>r it lias been found that wlien the 
pitching yeast contains wild yeasts, tin* ))roportion of these as 
compared witli th(‘ cultivated yeasts is then proportionally small. 
In thos(* ca.sc.s where the actual i.s(*lation of tlie yeast-cells lias 
to he perf(U-me<l at some distance from the l)rew(‘ry, a .sample of 
the ordinary yea.st is forwarded. The operator begins by starting 
a fermentation with a little of the yeast in a l^isteur lla.sk, and, 
after fermentation has fairly .set in, a niimb(U’ of single-cell cultures 
arc made with a little of the wort, whi(‘h will now contain an 
ahundaucc of young and vigorous yeast-cells. The contents of 
a numljer of iarge Pa.steur llask.s containing oidinary sterilised 
wort are then infected witli the various colonies thus obtained, 
and after fermentation is completed in each, the r<\snlting hci'r is 
examined as to taste, odour, eh-.arm'.ss, Ac. The yea.st wlii( li 
yielded the most promising beer i.s then de.veloped until a sufjicient 
(juantity ha.s been ohUiined to start an (inlinary fermcut.itioii in 
the brewery. -As this sample will liave to be tried in actual 
practice before a chdinite oj»inion can be formed as to its suitahili }? 
the remainder of tlie flasks sliould be ke})t, so that, in ca^c toe 
.sample taken into use does not prove satisfactory, the otln r 
may be tried in turn. With this o})ject in view, they sli.mld ne 
placed in a dark cuplmrd, where they may be kept alive or 
con.siderable tirmu The best preservative for yeast, howeveb 
10 per cent, solution of cane sugar; in this, yeast will prc^crve 
vitality for .seven or eight years. 
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Small quantities of yeast may also be preserved in sterilised 
filter-paper. For this purpose a speck of yeast is placed on a piece 
of filter-paper which has been sterilised in a hot-air oven, and which 
is, immediately before being used, passed through the llaiiie of a 
Bunsen burner. It is then wrapped up, and enveloped with a 
few more layers of sterilised filter-paper and placed in a drawer. 
According to Hansen, samples of yeast may be preserved in this 
way for five months, and often for much longer. This is an ex- 
ceedingly. convenient method for transmitting samples by post. 

The Production of Single-Cell Yeast in Quantities sufficient 
for the Brewery. — Fur this purpose five Pasteur flasks are re- 
quired, each of the capacity of a (piart. 

Tlieir contents are pitched with the 
selected yeast, after which the flasks 

are allowed to stand for a week at K U 

the ordinary temperature. Four metal 11 

vessels, each holding about two gallons, k 11 

of the fornivshowm in Fig. 54 , ^ known N. 0^ 

as “Carls])erg vessels,’’ are also neces- 
sary. These latter are made of tinned 

sheet copper, and are something like j 

an ordinary oil-can in shape. A short | 

tube is provided at a for emptying jl K I 

the vessel of its contents; it is fitted I 

with a piece of indiarubl)er tubing ij 

and a glass sto[)per, similar to those jl j 

used in connection with the side tube llj 

of a Pasteur flask, and is, in additi<m, 

provided with an ordinary spring " 

burette-clip. Another tube, wbich 

serves for the introduction of fluids ,, ,, , 

into th,i vossel, is insortcl at h; it T T 

is also iirovided with an imlianibtior ' iiinc;,",n,;,,n,"rcan'!.’'.diaiii’™!i 

tube and a glass stopiier. A short 1111",'. ; /■ sir- 

tube is fixed on the nioutli of the can 

indiarubber tubing, the curved 
‘ In a more recent inodilication, the tube 

anV>,. I ! 1 by a screw union joint, so eontrived tliat 

the bo f '"‘■■^' 8 *'^ joint is secured. To flic other extremity of 
scrert o " i ‘'‘o-"’"!'! "y*'*"''"' '>»»uliea.wldeh can be 

tiK’etlier '■""l.p' 1 with cotton-wool well pressed 

infection .>«*. • u e.xpansion at e acts as a safeguard against 

whea tlc f'® sterilisation has been ei^cted, 

tondonsmg steam is liable to cause a sudden inrush of 

fig «re token from Dr. H.an.cn’s “Frsctical 
information on the^ub^rt o”thia dlap 
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air. It is necessary that the vessel and all its various parts should 
be absolutely air-tight, so that no air is able to enter except that 
which passes through the air-tilter. 

Sterilisation of the Carlsberg Vessels.— In order to elToct this 
one of the vessels, after being thoroughly cleansed, is about half 
tilled with water. A tlame is then apiJied to its under .surface 
the water brought to the boil, and k('|)t in a state of vi'uuous 
ebullition for an hour, the air-tilter / and the stopper of the tube h 
being meanwhile removed. At the eiul of the hour’s boiling, the 
stopper, after having been passed through a Jhinson burnur is 
re])laced in the tube />. Tln^ boiling is kept up for another 
<piarter of an hour, during which steam rushes through tlio bent 
tube c. In order to secure the sterilisation of the tube «, sliuitly 
liefore the tlame is extinguished its stop[)er is removeil and about 
loo c.c. of hot water allowed to Ihuv away ; it is then closed with 
the glass sto)>]>er, which has previously been made fairly hot in a 
Ihinsen tlame, and the <dip replaced. The .source of heat is iiiuv 
removed and the air-tilter / scn‘w«‘d on, tin; tube a opened, and 
the bulk of the water allowed to run olf; tin; little which leiiiains 
in the vecssel is of im consequence. One and a half gallon.s of 
wmt are imw introdue'ed through tube /y, the air-tiltm- is removed, 
lieat applieal, and the boiling conducted in exa(dly the .same 
manner a.s with the water; the oidy <*xtra precaution to be taken 
is that wldlc the loo c.e. of wort are being run otf from tul)e f/. 
and during tia* ni‘\t quarter of an hour in whiidi the wort is 
being i)oih*d, the bmit tube r is strongly heated with a ilun.^en 
llame. The sources <d’ lumt are then removed, and the air-lilter, 
whicli lias in the meantinif )>een .sterilis(*d in the hot-air oven, 
is screwed tightly into its piac«‘. Ib'fore om* of these vessels 
is taken into actu.al u.sc it must he kept for sevfU'al days, and a 
sample of its contents then dr.awn olf from tulie a and exaiiiiimd. 

I luring this «yp'Tation the hent tuhe c is heattnl with a Ibinsen 
tlame. 

•Since it has licen found, that wlieii y(*ast is grown in one "f 
the.se vessels, in which tlie wort is not saturatcil with air, tho 
yeast pro<luced does not give normal (darilieation for some time 
when .subse<picntly employed in tie- brewery. It is m'ce.ssaty 
therefore* that the wort .should be: amaited if a normal 
is to la; obtained ; and this atuaUioii may be etfccti'd by allowing! 
the ves.sel to stand f'»r .-ome time before being us(‘d. Ibd 
aeration is much more quickly attaim*d liy removing the stopp'r 
from tube u, (;oiim‘<;ting with it a piece of .stcrili.scd glass tube, anj 
forcing in air which has been pas.se‘d tiiroiigh an air-(iltcr. A ^ 
more effective aeu'ation is, howe.ver, .secure.d if air is pas.scd through 
tlu; wort while it is .still hot; consequently, the better {dan 
commence the p:i.s.sing of air through the wort as .soon a.s the 
i.s removed from the ve.ssel, and continue the aiuation until the ten 
tents of the ve.ssel have fallen to 30° or 35" C. (87' tu 95 
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During all this time a flame is kept playing on the l)Gnt tube 0 , 
and this is not removed until tlie wort has acquire<l the above 
temperature. The air-filter is tlien .screwcul on. Aeeording to 
^belsen’s exi)erimonts, 60 litres cubie feet) of air juissed 

through the wort, at smdi a rate thatothe time occupied by its 
passage shall bo about live or six liour.s, .suffices to etbmtually 
acu’ate the contents of one of these ve.ssels. 

Of the five large Pasteur flasks, whi<‘h should now contain a 
vigorous cultivatidii of the .scdected yeast, four are used for the 
subsequent pitching of the wort in four CarlsRu’g vessels, the 
fifth hoing kept as a ros(n'V(i in case of accident. One of tlie 
ilasks is tluui taken, the bulk of the licjuid jioured off from 
the deposited yeast, and the llask gently shaken .so as to bring 
the yeast into sus}iension in the remainder of the fermented wort. 
This mixture of yeast and wort is then introdma'd intf) one of the 
Carlsberg vessels, all necessary }»reeautions ])eing taken to avoid 
(•ontamination from the external .atmosidiena The remaining 
tliree flasks and three Carlsfierg ve.ssels <iiv treated in the same 
way. Fermentation will have thoroughly commenced in all of 
the.se by the next day, when the airdilter may be removed from 
each. The fermentation may be lia.steiHMl by gently shaking the 
ve.s.sel occasionally, so as to remove' a portion of the carbon dioxide 
gas, but, liefore doing tins, the bent tulx- .shouhl be beated in a 
I'Unseii flame. In tin* coui’se of ab(uit seven davs as mucb yeast 
will have been formed as can lu' produced umh'r thes.' conditions, 
■iiid the four vessels, whicli will (‘olh'ctivcly (auitain sulbcient yeast 
to i)itch a hi'ctolitre (22 gallons) of wort, may then be taken to the 
hiowei’}. Here a small vat provided with a loo.sely fitting cover, 
!uid Imving a caj-acity of about 36 gallons, is thoroughly clean.sed, 
and about 22 gallons of the ordinary hop}>(‘d wort being u.sed in 
the brewery aiv run into it. After the (‘xterior .siirbices of the 
Uilsherg flasks have been singed with a Bunsj'u flame, they are 
gent y .shaken up .so as to bring tlu‘ veast into susjx'usion, and 
their contents poured one after the other into tin' wort. AVhen the 
J'OU dits of the vat are in a lively .state of fermentation and yeast 
leguns to appear on tin' surface, the whole may be added to three 
)r oin lec'tolitres of wort (66 to 88 gallons) contained in a larger 
(f ^ may be, u.sed at the commencement, 22 gallons 

j'dng run into it and pibdied with the contents of the 
firm contents ar(‘ in an active state of ferinenta- 

gallons «)f Wort are. added. The yeast from 
In wmV 1* i»iid used for i)itching an ordinary brew, 

(■urrv 'r advi.sable to 
tint n!Il 1/^ *^rmentation at a temperature slightly higher than 
i'd usually employed in the brewery. 

—IlnuQm. occasionally Work Irregularly at first. 

IMs W‘iv ^ attention to the fact that the yeast produced in 
occasionally gives, at first, a higher degree of attenuation 

z 
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than the normal, and that it does not yield sucli a l>rilliant ])eer as 
it will subsequently. He cautions brewers not to be alarmed \i 
tliese appearances show theniselves, as they will disappear after 
the yeast has passed through two or three fermentations. 

The Pure Cultivation Apparatus.— When pure y.aist is intro- 
duced into a brewery it is exposed to a number of contaminatimr 
influences, in consequence of which it becomes sooner or later 
impure. Tlie length of time wliich yeast will remain in a com- 
parative state of purity differs much with the various species 
and races of yeast, but the most resistant succumb after a tiiue. 



Fifl. 56.--(Jeiieral View „f Hansen’s Ai)p.aratU8. 


teeJSng'un^T’ '’f i*"' "’i'li some moans of 

time"a clnimn of”'" * just ilescrihoa 

forms of MO. ^ ? ’“1 r^unv,!, ami for tl.is purpose 
va ,1^^' ! ? a?''" Tim first of 

PuWic noti“rr‘'8s ^ “‘‘'’"‘''* introduced 

breweries mni ^ 7 > noAv employed in hundreds of 

“'l tl>e othc lor„r reliable ap,.aratus ; 

The orL , ^ modilicatious 

‘iii'stratiou (j-j™ "I'l apparatus is shown in the aecompanvim; 

'•“S'i'lfermontifig veL/afFir‘\"^ ‘i'™ '.’""f''"' 

h vessel, 0 (big. 55), and a closed wort-sterilising 
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vessel, D. Resides these, there is a large metal (3yliiider, cfn)a])l(. 
of withstanding a pressure of 100 Ihs. to the stpuire inch, furnisluul 
with a press\iie-gauge and a safety-valve, and also an air-pinup^ 
shown to the right in Fig. 56. Ry means of the latter, air 
drawn through an air-tilter is forced into the cylinder until a 
jiressure of three* or four atmosj)heres is obtained ; tliis suj)plv 
of coni])ressed air' serves, in the first instance, for the aiaaition of 
the wort \vhile in the sterilising vessel, and afterwards for ai ratiiij^r 
it wlicn in the fermenting vessel. The W(»rt cyliiiiler, D (Fig. 
has a eover whii'h can l)e screwed down air-tight, and into this two 
taps are inserted. One (d these is furnished with a tubt; rcacliiiin 
aliout tliree-foiirths r>f the way down the vessel, as slunvn ly tla* 
dotted lines, to this tap the air-lilter vi is attached, and to the 
other the bent tube /<, the extremity of which tliiis into the 
vessel o, which is nearly filled with water. This tube shouM nut 
be h'ss than half an inch in diameter, or it is lialJe to be lilockol 
up by piei-es of hop. Four other taps are inserted into the IuhIy 
of thi‘ vessid ; the «m(' communicating with the [npe k serves for 
r«unlucting the sterilised wort to tin* fermenting ves-sel. The tap 
at s is connected with the ordinary wort main of the bnoverv 

whicli leads from the copjier to tlie cooler. The tap 7 serviis 

to indicate when suflicient wort is in the cylinder, and the tap r. 
inserted in the l)ottom of the cylimler, is used for drawing utf 
the first portions of the wort introduced, wliieh are ililutol 
with the condensation water from the steam used in sterilising. 
The cylindm- may be provided either with a circular pipe iinnu'di- 
atelv under its lid, having a numl)er of small hoh's on its iniiei’ 
.''ide through whieh cold water is pa.ssed, ami which, after 
streaming down the outside of tin* ve.ssel and cooling its om- 
tents, is caught in a trough at its base ; or the (cylinder may. 
as shown in the lignre, be supplicsl witli^ a mantle, throiigl) 

which a su}»ply of cold water is passed. The wboh* arrangcnumt 

is fixed at a higher level than the fermenting vessr*!, so that tlir 
wort will flow from tin: one to the other by gravitation, 

The fermenting cylimler (J is .similar in shape to tlic aoi 
cylinder, imd is also provided with a removable air-tight c(i\(‘i. 
To tin* centre of this lid a .stuHing-lx>x is attached, through whu 1 
passr-s tin* axle of tin: r<)User one end of whicli is proviilcl vil ' 
a handle, while the other is .supported in a .socket. To its lo'ni 
extremity the Idades of the rouser are attached, one of whi' 1 ^ 
jvrovided w'itli a jnei*!* (tf sheet indiaruhher, which 
bottom of the ve.ssel wln*n the rouser is put in action. P^j. 

in.serted in the lid, on which the lieiit tube c screws. Ihc 
extremity of this tnlie hs bent into a half circle, ami is 
in the ves.sel '/, wdiich is partially filled with w’ater. To 
of the cylinder will l>e seen the gauge/, which serves h) 
the height of the fluid in the vessel ; it is marked at 
The tojunost mark indicates 31.6 inches from the 
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cylinder, and tlic vessel, when filled up to this, contains about 
tiiirty-seven gallons. The mark below this is at a distance of eight 
inches, and tlic lowermost four inches above the floor of tlie vessel. 
The pipe kh leading from the wort cylinder (niters at tlic ])()ttom 
of the fermenting cylinder ; in addition to the taps shown in tlie 
fnmrc, there are two others connected w'ith the pipe kk (shown 
in Fig. 56), one for admitting high-pressure steam, the other for 
allowing the escape of air or steam. In the middle of tlie fer- 
uieiiting cylinder at j there pn^jects a small tube about three- 
quarters of an inch long, provided with an indiambber tube and 
glass stopper ; it serves for the introduction of tlu! pitching yeast. 
The tap /, seen to the left, serve.s for drawing oil’ the yeast 
and wort, its screw valve is raised or lowered by the handh? 
underneath, and the tap is so contriv(‘d as to render contamina- 
tion from the outside atmosphere impo.ssible when the vessel is 
iKung emptied. Communicating with this tap there is a pipe 
which projects into the interior of tlu*. ves.sel and bends down- 
wards, terminating at a di.stanc.e of one and a half inches from 
the bottom of the cylinder. This arrangement prevents the 
entrance of air into the cylinder through the tap I when it is 
being emptied. The exterior of the vessel may be clothed with 
wood, or, as shown in the figure, surrouiuh,'d with a mantle 
through whi(!h cold water for attemperating may be passed. 

Air-Filters. — The.se, wdiich are represented in the engraving 
at in and p, con.sist of metal tubes, eiu* and a fpiartcr inches in 
diameter and nine inches long, and are closely i»acked with cotton- 
wool, at least one and a ('piarter ouiu-es ludug used for this purpo.se. 
They are provided with metal liils which .screw' on, each lid carrying 
a union joint, by niean.s of w’hich it may be placed in communica- 
tion with the pipe from the air-ves.sel. The air-lilter.s, before being 
u.sed, are sterili.sed in the hot-air oven, wdiere th(*y are allow'ed to 
remain for two hours at a temperature of 150" C. (302° IC). 

Method of Working Hansen’s Apparatus. — Lefore being used, 
the apparatus must 1)0 carefully t(‘.sted to ascertain that it is 
perfectly air-tight ; this may he done either with steam or water 
under pre.ssurc. The next thing is to st(‘rili.'^e the two cylinders 
jnd all the c()mmnnieating pipe.s, tap.s, Ac., with .'^teani. The 
ermenting cylinder (Fig. 55) i.s first sterili.sial by admitting steam 
0 the pipe .^,1 opening the tap which admits steam to the 
^y indor ( 7 , tlie air filter g having been previously removed. The 
^jirious other tap.s, e, /, r, opened in turn, one after the 
0 mr, so tiiat they and the bent tube rc arc^ all efTeotmdly steri- 
\ 1 ^ about half-an-hour. The taps e and It arc then 
wuT iu ^ filter f/ scrow'ed on to its ]»lace, and all the other tap.s, 
tho fiif ^ ('i shut ofT. The tap from the air vessel to 

stpriT ^ ^ opened and also the tap //, so that a current of 

then cylinder thnnigh It. The steam is 

gradually shut off, care being taken that steam mixed 
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Avitli air escapes from the eiul of the hent tube c for some timo. 
As tile admission of steam becomes less and less, the cylindei. 
<;radually cools, and when steam has nearly ceased cscapiii}^^ from r, 
the vessel d is partially filled with water and the tap Ic closed. If 
the apparatus is cooled too suddenly, air will be drawn in tluouali 
the bent tul>c by the vacuum formed by the condensation of the 
steam, ora iu'essure may be developed siitlicient to cause the vessel to 
collapse. The cooliie^^ should occupy about two liours. The AviiUr 
in the vessels d and o, in which the bent tubes are ins«‘rted, serves to 
show that a slight air i)ressure is being maintained in the vessels. 
The wort cylinder is sterilised in a similar manner, Init here there is 
net occasion for the slow cooling ; as soon as the vessel is sterilised 
the tap s is opone»l, and liot wort allowed to flow into the eylindei 
until it lu'gins to run out at the tap 7. The air and steam above tlie 
wort escape partly by 7 ami ftartly by the bent tube 71. It is 
advisahh^ to remove the first fKutions of the wort which eiih r the 
cylinder by the taf» /*, as these are diluted by the water tliat lias 
condensed during the steaming-out process. Wlnm the cylinder is 
tilled to the {>ro])er ludglit the ta[»s 7 and s are closed, and air 
allowe*! to bubble through the wort l»y numns of the pifie, cdm- 
muni<'ating with the air-filter m for an hour (hot ahration). The 
wort is then cixded by passing c»dd water through the mantle, and 
when its tempm’ature has been reduc<‘(l to 60' F. it is admitted 
to the fermenting cvlimlcr C through the ]»ipe /r. Tin* fernumt- 
ing cylinder is, at first, oidy filled so far that the levid of the wort 
is a little below the aperture 7, through which the jnire cultniv 
of yeast from a large Fasteur flask is then introduced, all tin' 
usual pn'cautions against infection from the outside hidng taken, 
the flame of a spirit-lamp being used for singidng, if a Ihinsen llaiiie 
is not at hand. Tin* rouser is then set in motion and the ye.'ist 
well mixed in, after w'hich wort is run in from vessel />, until 
its level reaches the highest mark on the gauge. During the f'l- 
mentation it is advisalth; that the wort should be ai'i'ated; tin* 
sup)dy of air being so regulated that a .small biihhle escapes 
every few minutes from the end of the tube c. In a week or ten 
days, according to the temperature* at whii h the fermentation lias 
been conducteil, the newly- formed yeast may be withdrawn fi'au 
the apj)aratus. In onler to do this the, taj) / is opened and tin 
beer allowed to run off until foam begins to apiiear. dhe tap 
then closed, and .sterilise<l wort from the wort cylinder run in " 
the low'est mark hnt one on tlie, gauge. The rouser is set in 
action, and the mixed wort and yeast <Irawn off into a clean ves^c 
until the level of the lirpinl has sunk to the lowest nnirk 
gauge. This operation is repeated, and in this way eighiy'nih|^ 
gallons of w'ort, containing suflicient yeast to pitch live 
w'ort, are obtained. F.noiigh yeast is left in the apparatus to • 
the next fermentation after it has been again filled with woit. 
must he taken during all the time the drawing- ofl of tlie con 
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f,f the vessel proceeds tliat air passes in tliroiigli the air-filter ij, 
ill quantity sufficient to ])revent any chance of the liquid in 
the trough d, or of air, being drawn through tlie lient tube c. 
Sterilised wort is again admitted into the cylinder until the top- 
most mark on the gauge is reached, the whole well rouseil, and a 
fresh fermentation started. 

Apparatus of Bergh and Jorgensen. — This is a very ellicient 

arrangement, and occupies l(‘ss 
sjiace than the apparatus just 
(leserihed. It is so con- 
structed til at the wort is st(‘ri- 
lised in the same cylinder 
that tlie fermentation .after- 
wards takes place in. The 
apparatus, Avhich is .shown in 
Fig. 57, consists of two cylin- 
ders, A and B, one jdaced 
above the oilier, and an 
air-ve.^sel (not .shown) com- 
municating with the ta{) F, 
situated immiidiatcly above 
the air-filter I), A plju* is 
continued down the side* of 
the iipparatus, and in its (ho 
scent gives off three branches, 
each of which is commanded 
hy a three-way tap, .-1, />*, C. 

The topmost cylinder, A, holds 
about ten gallons; it is pro- 
vided with a rouser, A’, an 
air supply through the tap A, 
a tap F and bent tuh(‘, ami 
a small o])ening, o, for the 
introduction of y(>;ist and the 
^vithdra^val of samples. The 
dipper and lower vessels an* 

<'"iinected hy the tube 1\ on 
which is fixcil the tap H, 

Ihe lower cylinder B lias a 
•’lonely iitting lid, through 
which pas.ses the air-iiipe 
from the tap B, ami the axle 
1^' the rouser 7, which is actuated hy the bevel-wheels; the float L 
; *n'es to show by the pointer outside the level of the fluid inside. 
An' I' ^'*^rries the tap /v, to which is attached a bent tube. 
clnVV^ perforated with line holes, surrounds the lower 

^vator nmh>r its cover, and supplies the refrigerating 

le upper portion of B is enveloped in a mantle for cold 
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water, the lower portion with anotlier mantle for high-prossur„ 
steam, by means of which the contents of the vessel are boiled 
and sterilised. In the lloor of the lower cylinder is the tap Q 
communicating by mi'ans of the \n\H\ b with the wort main of 
the Inewory from which the vessel is tilled. 

When the apparatus is about to be used, the lower clijimlier B 
is filled to th(‘ proper height with wort, steam is admitted p) the 
under-mantb', and the wort vigorously l)oiled, the taps B aiul .1 
being jdaced in such a position that the steam passing away from 
the wort sterilises tle^ upper chaml)er as well. The, wort is thou 
cooled ami aerated, the yeast added through u, and a little Moit 
forced into the upper chamber by means of the compressed air 
rouseil well with the addeil yeast, and allowed to run do^vll iutn 
the lower cylinder. When the yeast is all in the lowin’ cliaiiilior 
the tap (t is shut and fermentation allowed to itroceed. A good 
crop of yeast having formed, the contents of vessel B are well 
roused, and a portion of the fermented wort with the yimst iii 
suspension is forced up into the V(‘ssel A ; this serves for startin'; 
the next fermentation. The remainder of tin? wort and yi-iist 
are then run off and used for pitching in the brewery, lii this 
wav the vio^sel B serves in turn for a wort steriliser ami fm a 


fermenting vessel. 

Advantages of Hansen’s System. The principal advantage 

ailbrded by this system is the introduction of an eh-ment id cor 
tainty into the process of fcuimmtation which was never attainablf 
hitherto. Before the introductii>n of this great reform, the bi(?w('i 
was in complete ignorance as to the nature of the ymist with 
which he* was conducting his fermemtations. In all (nises, exccid- 
ing those where a pure rndtivated yea>t is employml, the pitching 
yeast consists of an unknown mixture of various tyjtes ami races, 
which, according to the laws of competition, are eontimiall} 
changing with every variation of the surrounding (conditions in 
which the yeast is cultivated. At times the yeast hecunu'S s" 
degenerated that it will no longer fulfil its functions properly, :m'l 
a change of yeast has then to he obtained from some other In'cwory, 
where probably litthc or no better conditi(;ns reign. Conseipiciitly, 
tbough such a chang*‘ is often attemled with lienelit, yet in sonic 


ca.ses the new' yeast gives wors(c results than the (fid. 

I7n(h;i’ the reforme(l .system the brew'er makes choice of ilf’ 
one individual race or ypecie.s <d yeast wfiiich be finds best adaiao'l 
to his requirements, and having onc(s seenn’d this, he is afierwurLo 
able to provide himself with a c<»ntinuous supply of ahsolulc) 
the same yeast. When the influence- w'iucli the yeast exf^rci^''^ 
on the flavour of the h(*er, on its clarification, and on its .stahih }i 
is taken into account, it is impo.s.sible not to r( 3 cogiiise the iinpoi 
ance of this great n;f(»nn. It affords absolute jirotectioii agaii^ 
the diseases of beer and their attenfiaiit pecuniary losses, 
the necessity of obtaining i)eriodical changes of yeast from 0 
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breweries, with its attendant uncertainty. The Continental 
brewers, who employ low fermentation yeast, were the first to 
avail themselves of Hansen’s method, and, as a consequence, 
the system is now, and has been for a good many years, emjjloyed 
with the most satisfactory results in hundreds of Continental and 
American breweries. Its introduction into breweries which work 
on the high fermentation system lias not been mairly so rajiid, 
principally on account of the ill-founded ])rejudices and precun 
ceived ideas that yeast of one species or variidy Avas unalde to 
effect a satisfactory secondary huinentation in the cask. That 
all such ideas are chimerical has lieen abundantly proved by 
Jorgensen, who has been engaged for a number of years in the 
selection of types of single-cell y«*ast filte<l f(»r lireweries working 
on the high fermentation system, and Avho states that he has 
introduced pure yeasts into numerous brewm-ies of this cl.ass with 
the most marked success. Vuylsteke, Ban, and others have all 
testilied to the same purport, and, to tlui author’s jiersonal know- 
ledge, pure single cell yeast lias mnv bi'en used for .several years 
in two largo brewerie.s in this country with the most successful 
results. 

Analysis of Yeast by Hansen’s Method.— It is highly ncces. 
sary, where pure cultivated y<*ast is employed in a lirewcry, to 
have some means of determining Avhen Mu* yeast in a(;tual use is 
becoming so contaminat'd that a new supply from the propagating 
apparatus should be introducc'd, and also of a.sct'rtaining that 
the apparatus itself is fullilling its duties |)ro]H*rIy. This is 
effected by making a sjiore cultivation on a block of plaster of 
Paris lit a detinite temperature, and noting tlie time when spore- 
fcrmation makes its appearance. This varies with every species 
of yea.st, and, according to the e.xperimeiits of Holm and Poulsen, 
the two best temporature.s for conducting exiicriments of this 
natui'G with low fiu’mentation yeasts are 15'’ and 25'' C. (59“ t»> 
77 !•)• They state that low fermentation yeasts may be divided 
into two classes, one of which at the latter temperature yields 
spores later than the wild yeasts. .-Vt this temperature the other 
class s[)oruIates at about the same time* that the wild yeasts do, 
)ut at the lower temjierature it forms spores some time after thi‘ 
^vdd yeasts. 

The Yeast which is to be Examined in this Way should be 
axen at the End of the Primary Fermentation.- The sanqde is 
leuioved from the fermmiting-room in a sterilised llask, and, after 
)enig alhnved to settle for a few hours, is spread 011 the plaster 
^^Itures carried out at 25” C. are examine»l at the 
mli]^ 1 those at 15" C. at tlie end of three days. The 

ono T Hansen to be so sensitive that an admixture of 

ill th'! yeast ran bo readily detected 
of d i' ■ hottom-yeast. Tliis is much beyond tlie degree 

icacy actually recpiirod in practice, for Hansen has shown 
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that, when working umlcr normal coiulitions and storage, one pari 
(d »S. I\i-'itoriaHus 111 . or of S. ellipsoidcus II.^ both of wliich in 
large quantities produce beer turbidity, are, in these small proper- 
tions, incapable of ca\ising any ill elleets, and that *S. PaMin'iaiins /. 
is only able to impart its disagreeable llavour and odour when it 
exists in a larger proportion tlian i part in 22 of an otherwis*' 
pure yeast. 

Analysis of the Yeast of the Propagating Apparatus. ^ 

Tlie purity of the y(‘ast contained in this apparatus should 1„. 
tested at the end of every fermentation. For this jairpose a 
small pt>rti<>n is drawn off into a Pasteur llask, and eultivateil 
for a few davs at a temj>eratiire of 70^ to 80*" F. in yeast-water, 
when haeterial contamination, if i)resent, will show its(df. After 
ludng allowed to settle, the beer is deeantetl fmm the yeast in 
the Pasteur flask and the yeast t»assed thnnigh several cultiva- 
tions in a solution of (vine sugar a«dditietl with tartaric acid, 
tlieii a few times in heer-wort. afti-r which it is tested hy spore- 
formation on pdast(‘r hhx'ks. This treatment witli tartaric acid is 
exceedingly favourable to the development of wihl yeasts ami tn 
tlie siipjtression of the cultivate*! vari**ties; eonsm^uently thf; foinuT, 
if present in the sanqde, are brought into prominence. 

Differences in the Actions of the Various Species of 

Yeast. - Pi addition to tin* broa<h‘r dillerences betwcMui tic 
members of tin* sev«*ral rac<'s and varieties of the S(ii‘r}n(ri)iiii/ir{>,< 
wbi<di bav** b***‘n already inentioin*d, many minor diversities am 
(des(‘rvable in the action ev**n of varieti*‘s of the same. spt*cies. 

Dififerences in Fermenting Power.- ddn* remarkable dilfcrcii" ' 
in tin* fermenting power of tin* various yeasts has !ittra(‘ted cell- 
siderable attention lat**ly. It was promin(*ntIy brought into notice 
by the difl’ereinM* in tin* behaviour of two vaideties of yeast, one "f 
^vhiell had been i.'nlat<‘d from tin* y»*ast of a brew<‘i‘V at i^iaa/., 'Ci' 
is now known as Saaz y»‘ast ; the other from tin* yeast used in t m 
brewerv of ib^rr FrcdilM*rg at fJrimma, and wliieli now hears t C 
name of FrohU-rg yeast. In con.bn-ting (*xiH*riments with tlic 
.same wort, it was found that tin* Fodiberg y<*ast invarial>ly caiH" 
tlie attenuation to a eonsid»*rai»ly low»*r i»oint than the Saa/ y'l" 
did ; the former atteniiate«l a want of sp. gr. lo.p; to loit*', 
latter was only able to reilnce it *lown to T023. it 
Ix-eome cii-tornary to di.stinguish yeasts which jio^sess 
attenuating powers as Fiohlx’ig types, and those wdin 1 
more feelde pi>wa-rs in this (lireetion as Saa/: tyiies, " 
tiiese extremes there are many yeasts wdiich hoM various 
mediate positi*)n.s. ../cch’s, 

Since then another yeast, one of the 
the Swt’harffin ijr/'/f lias hi-eii di.seovered, which 1'^^ ]{, 

even greater power of attenuation tlian the 84 

was found that it eoiiM u*duce the original gravity o ^ 
j)er cent,, while* the Frohl><.*rg could only reduce it >} 7 ° 1 ’ 
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This divergence is not confined to these yeasts, hut is ex- 
liihited in a greater or l(‘ss degree ])y all which have lieon examined 
so far. A number of experiments which were coiiducted Ijy Dr. 
Lindner 1 on difienuit yea.sts <hmioustrate this very cle.'irly. Jn 
each of these, 150 c.c. of sterilised wort were seeded ^vith a trace 
of a pure culture of a particular variety of yeast, and this, when 
it had entered into a state of acdive fermentation, \vas adde<l to a 
larger (piantity of sbu-ilised wort, gem^rally about 1200 c.c. In 
eacli series of experiments the same wort was emj)loyed ; sorm; of 
the flasks employed were jdugged with cottoinwool, others were 
closed with a bulb tube containing sulphuric acid. Conse(piently, 
in the former a slow interchange between the air of the flask and 
that of the outside atmosphere took place ; in the latter, this 
was effectually i)rev(‘nted. High and low fermentation, and also 
wild yeasts, were experimented with. Of tin* high fermentation 
yeasts e.xaniined, the one which exhibited the highest attenua- 
tive power reduced the gravity td a wort of 1049° b.) 1018°; the 
weakest in this respect only reduced tlu^ same wort to a gravity of 
1024°. The remainder exhibited various att^muative powers inter- 
mediate l)etween these extremes. Similar diflerences in atteiiuative 
power were observable with the low fernientati(.n and wild yeasts. 

The Differences in the Attenuative Powers of the Various 
Saccharomycetes on Wort are dependent upon the Nature of 
the Enzymes which they are able to Secrete.— While the vast 
majority of the y(;asts are abh‘ to ferment the two sugars glucose 
iind fructose, which require no j)r(‘vious inversi(tn, it is not by any 
means the case with tlie disac<diai‘i<ie sugars malt<K';e, cane sugar, 
and milk sugar. Certain yeast'^, such as the A. ns, do not 

.secretii an inverting enzynu', hence they ari* unal>le to ferment any 
of the disaccharides. ( tthers, smdi as the aS. nlhirans, Ket's, are 
able to invert and ferment maltose, Imt not cam' sugar. The 
8. Cy/r, ]>ey(‘rink, can invert and ferim-nt cane sugar and milk 
■'^ugar, but not maltose. Sonu* yeasts, sm'h as thc N. 
arc unable to transform any of tlie sugars into akadud, but aj.pear 
0 produce oxalic acid instead. These distinctions are also found 
111 the mouhl fungi, ami their ability to ferment the various 
< isacchaiides, (jr the rcver.se, depend u|)on the .sanu' causes; thus 
o?n (amlida has recently been shown to .se<‘rete invertaso. 

commonly used in Brewing appear to be endowed 
_T Secreting a Number of Different Enzymes. 

lii> u ^ producing the well-known enzyme, invertase, it 

enzv lound tliat the. cidtivated yeasts secta'te another 

iiinlmo!? ''’hich, previoii.s to its fermentation, converts 

Evid(‘nily others are juodnei'd which liave 
ing a greater or le.ss numh('r of those intt'r- 
lich occur in wort, and to tins is to he 
ices which are ohservalde in the attenuative 
^likroskoiiischc lictriebskontrollf, p. 112. 


IIIU) glucose, 
bie ],(nver of degrad 
iiicdiarv dextrims wl 
•‘th'ibuted the differei 
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powers of the various yeasts. The power of inverting and f(‘r- 
nienting milk sugar seems t<j be entirely wanting in these yeasts. 

Differences in the Behaviour of Various Yeasts to the 
Trisaccharide Raffinose. — It was shown l)y Berthelot, in 1889, 
that the various yeasts exhibited marked ilillerences in their Ix*. 
havionr to this complex sugar; the ordinary yeast of the French 
breweries (low fermentation) fermented it com[>letely, wliilst 
bakers’ yeast (top fermentation) only fermented a third i)art of it, 
and Loiseau found that this was true wdth respect to all bottom 
ami top fermentation yeasts. In conseipienee of doubts whicli 
had arisc'ii as to the validity of these observations, Ban reinvesti- 
gated the subject in 1894, and obtained the following results. It 
wa.s found tiiat top fermentation yeasts of the Frohherg tv])i' 
inverted railimosj? into melihiose and trnctose, hut were only ahlc 
to ferment the latter sugar. Tlu'y w'cn; abso able to fernimit 
comt)let«dy two IxMlies occurring in wort, wdiich he termed a ainl 
/i isomaltose.^ Top yi>asts of tin; Saaz type behaved in a siniihir 
manner towards rallinose ; tin*y could cmly h'rnient a isoinaltose, Imt 
not the /i variety. Tin; Frohherg low yeasts completely invertol 
raftinose into glucost', galaetose, and fructose, all of wdiieli siigirs 
they are able to ferment; and this is also the case with a an<l /i 
isomalto.so. Saaz low yeasts behaved similarly with ratlinose, hut 
eouM only ferment /i isomaltose. In this wuiy he founded aclasd- 
tication (d’ the various ycuists acconling to their a(di(m on these 


various sugars. 

Variations in the Quantity of Alcohol Produced.— In ("ii 

nection with the >»uies of <*x|K3rim<*nts performed by Dr. Lindiu r, 
and whieh have already been mentioned on p. 36^^, portions of a 
29 I'er cent, solution of maltose W(*re [)itche<l wdth viirious vends, 
in <uder to lind the amounts of alcohol tlu'y were capable of yi'dl 
ing. Tlie top fermentation yeasts were fouml to pro<luce froiii 9 
to 15 I'er cent, of alcolnd by volume, and the low ferinentatiini 
vea4s .‘^lightly less fpiantitie.s. Saaz yeast yieldc’d a little can 
4S [M'r cent., and Frohl)«‘rg not quite 1 1 j>er cent. 

Quantities of Acid Produced by Different Yeasts.— Five t p 
fermentation yea.sts respectively yiedded amonni.s of aei'l whi'li, 
reckom‘d as laetic aeid, varie«l from 0.117 to 0.135 [ler cent. 0 
the w'ort. Tiie Foinia; yeast pr<Mlm‘eH a mueh larger quantity " 
acid than thi.s, and cons(-rpiently ha.s consideiahle power in beet'in-, 


bacterial organi-^ms in cheek. . 

Amounts of Nitrogenous Matter Removed from Wort.— | j 

wdth the various top fermentation yeasts, was fouml to rang'' 

9.4 oz. to 13.8 oz. per barred in a w'ort having a '^1^. , 
1048.6. Low fermentation yea.sts did not act so | 

th(?y only removed from 5.64 to 11.52 oz. per harnd 
.same wort. Snaz yea.st reim»ved 7.03 oz., and rob berg JO- 
Reproductive Powers. — Yeasts vary much in the crop- 


‘ Tie; fxiHletice of theMC two bslicH ia »oU>ewhat probkariatica . 
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yeast which they yield. In the same series of experiments the 
amounts of the new yeast formed varied from 9.25 to 2;, grammes, 
the fermentation being started with a mere trace. In all hut 
two instances the larger yeast crop was associat( 3 d with a higher 
attenuative power. In those cases where parallel extauinumts 
were made, the one set in llasks closed with cotton-woo], tlu! other 
ill flasks sealed with a sulphuric acid tube, the yeast crop and the 
attenuation were always greatest in the former, and this demon- 
strates the influence of even a sliglit amount of aiumtion. 

Energy of Fermentation. — Leaving out of consideration the 
(liffereiit physiological condition of the yeast, the various races 
show marked diflere.nces in their fermentative activity. Tliis (‘an 
he estimated by observing th(3 amount 
of gas evolved in a given tinn*, or by 
the time taken for a given amount of 
gas to be evolved. Tlie latU'r method 
was that emifloyed in Dr. Lindner’s 
series of experiments, th(‘ measure- 
ment being indicated by the number 
of days taken to evolv(3 36 grammes 
of carbon dioxide. The number of 
(lays reejuired by a numlx'r of the 
y(3asts to do this varied fn.iin six t() 
iifteen, but some of them did not 
(ivolve this (tuantity of gas during the 
whole [)orioii of the fermentation. 

llaydiLck's Aiqtaratns jhr Asrvr- 
Uiiniwj the Fermentative Fnenjn of 
Yeast . — This consists (T a flask, Fig. 

58, rt, for containing the yeast and a 



solution of cane sugar ; it is placed 
in a water-bath provided with a per- 
forated false bottom, fixed about Indf 


Kic. rs.- Uii.vUmk s Aiiixn-utus f<ir 
Asfcianininn the Fermentative 
Knergy of Yeast. 


an inch above the reid bottom, the 


contents of the bath being kept at a constant tem|*erature of 30 C. 
(86° F.). The flask is connectcol by means of att indiarid)ber tube 


with an apparatus for meastiring the carbon dioxiib* evolved. 
The flask a is furnished with an indiarubber C(wk having two 
perforations, in each of which short pieces of glass tube are 
ins(irted. To one of these the tulm communicating with the 
niea.snring apparatu.s is connected ; to the other a short jueci' 
of indiarubber tube, which can be cl(»sed by an ordinary burette- 
chp. The measuring apiparatus consists of a L-shaped tube, oiu' 
limb, which is consideraldy wider than the otlnu', is constructed 
to hold 500 c.c. ; it is graduated into 10 c.c. divisions. The 
cxtrcimity of the narrower tube carries a funnel-like expansion /, 
ami is jwovided at its lower end with a tap e. The upp(U‘ extremity 
^ the wider limb carries a narrow tube bent at a right angle, and 
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also a tap d. When a (leterniinatioii is made, 10 grammes of Hi,, 
yeast under examination are intimately mixed witli 400 c.c. of ,1 
10 per cent, solution of cane sugar and introduced into the Hask a. 
This is then placed in the water-bath, which has been [)reviou8lv 
heated to, and is now constantly maintained at, a temperature of 
86** F., and is allowed to remain nncoi'keil for an hour. In tlio 
meantime the measuring aj)paratus is made ready. Five c.c. of 
paratFin oil are lirst jK)iired into the funnel /, and afterwards 
water. This latter drives the oil before it, and this, when it 
enters the measuring chamber, floats on the surface of the water, 
its object being to form a [u-otective layer on the surface of the 
water, and [prevent the absorj)tinn of carbon dioxide. Sullicieiit 
water is tlien introduced to bring the .surface of the parallin layer 
to the zero mark on the scale. After tin) tlask has .stood for aii 
hour in the water-bath the apparatus is camnected up, the tube c 
being left oj)eii while this is bidng done. This is now clicsed with 
the clip, the tap d opened, and the time noteil. As fermentatinn 
proceeds the disengngcal gas gradually displact's the li(piid in the 
wider limb, ainl the tap is opened just sufhciently to ;dlow tlie 
water to escape at the same rate as the gas enters. At (he 
expiration of half an hour the taj»s and e are closed, the elijie 
is removed, and, with the assistance of the pointei', tlie Icvi'l 
of the liquid in the two limbs adjusted at tln‘ same height, either 
by pouring water into tin* funin*! or drawing it oil by the tape, 
and the quantity of tin* collected gas read olK 

The fermentative activity of a yeast may be ex))ressed l»y the 
number of culm; centimetres of gas it evolvt's in half-an hour 
iindt!!' thc'se <‘onditions ; but the better and more usual iin-thod 
is to express it in terms of the number of gramme.s of sugar ha- 
mented by 100 grammes of yeast in half-an-hour. This is doiu' 
by muhijilying tin* numlx'r of c,c. of carbon dioxide collected 
during the experiment by tin- f.ietor 0.03841 (which is obtained 
by taking into account tin* ratio of gas evolved to the amount ef 
sugar fc*rnn*nted. the ratio of the weight of carlaan dioxide to it-^ 
Volume), and multiplying the result by ten. 
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WATER. 

Chemical Composition. — Water was, until compaiatively 
rccont times, regarded as an element, its compound nature being 
discovered by Cavemlish in 1781, who showed that when hydrogen 
gas was hurned in air, a quantity of waiter waas formed equal in 
weight to that of the two gaseous elements wdiich disappeared. 
Shortly after this Lavoisier jirovi'd that water was a com})ound of 
oxygen and hydrogen ; and in 1805 llumlxddt and Gay-T.ussac de- 
termined its composition by volume. Clieinically pure water consists 
of two parts by weight (tw'o atoms) of liydrogen and sixteen parts 
by weight (one atom) of oxygem, or two voluni(‘s of the former gas 
and one volume of the latter. < )f :dl known lliiids water i)ossesses 
the most e.xtensive solvent powers ; an immmise number of dif- 
ferent substances, liquid, solid, and gaseous, are readily dissolved 
by it. Tn consequence of this proi»erty, water is never met with 
in nature in ji state of purity, the ueancst approximation to this is 
the distilled wmtor of the chemist’s laboratory. Kv»mi this is not 
absolutely pure, for it contains a varialde .amount of dissolved gases 
dm'ived from the air; ind(M‘d, the removal of the last traees of 
nitrogen is so didicnlt tliat it is doubtful if absolutely pure water 
has ever yet been tiri'pared. 

Occurrence. — Water is mot witli in nature in great ahundaiiec, 
where it plays an important part in most terrestrial phmiomena. 
It IS found in all the three jdiysical states it is eapabh' of 
assuming; in the solid .state it occurs jxuananmitly in the polar 
rCpioiis and on the tops of high mountains as ice and snow, and 
in this .state it appears periodically in temperate regions. In the 
iqnid state it is met with in the ocean, lakes, seas, ami rivers, Ae 
winch constitute more than three-fourths of the surface of tin* 
under the earth’s surface, wliero it forms the souria- 
0 the .supidy of spnng.s, wells, Ac, The atmosphere i.s alwavs 
ore or less charged with water in the slnqie of vapour, tin* 
‘ omit which it contains at any oiui tinio lioiin- j-ovcrncil liy lo,-il 
Seneval meteorological comlitions. 

circiil'f’” nature water is always in a state of constant 

is to H ^®nilency, from whatever source it may ho ileriveil, 

rcsBr, nceaii, which may ho rcganieil as an immense 

'oir provided by nature for its storage. From this store it is 
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evaporated hy the heat of the sun’s rays and dilTused in tlie form 
(tf vapour througli tlio atinosphero, from whence it is again con. 
densed, and appears in the h»rm of rain, snow, hail, dew, 
When precipitated to the earth in tlic form of rain, snow, Ac., uji,. 
])Ortion flows off the surface of the land, giving rise to the various 
hro(^ks, streams, lak»‘s, rivers ; a second portion evaporates, whilst 
a third tiortion sinks into the earth. This latter [>ortion descends 
through the nnn-e porous portions of the soil until it reaches sonm 
impervious stratiim hy which it is retained to form the siiUer- 
ranean lake known as the “ground water,” fnim which the wntcr 
of surface wells is (hu-ivcd. The level of the surface of the gmiiinl 
water ^ varies <‘oiisiderahIy ; in some districts it almost touclics 
tin* snrfa(‘e of tin* soil, whilst in other places it is situated at a 
coii.siderahle distance below the surface ; ]n*nce the diirereiice in 
the depths of wells in various districts. Jn liilly countries, where 
the strata are inclined, the uinh'rgnaind water, obeying the natural 
laws of gravitation, forms subterranean watercourses, and these, 



Fig. 59.— niagTaiTjmatii- Section of Uit* Strata forming' the Loixlon IJasin.- 


when they find outlets in di.stricts at a lower h-vel, apjiear as 
springs. The accompanying diagram (Fig. 59) will help t<i ex- 
plain the.se varioii.s coinlition.s. The stratum A, in the iniildie 
of the basin, is .sand, gravel, or .some layer pervious to water. 

Tlie rain, snoxv, Ac., falling on thi.s j)ortion would he par- 

tially eva[M.rated, a part wouhl drain oil’ tin; surface and fall 
into tlie river, /f, and tin; remaining portion would sink iuti) 
the .soil until it reached the stratum marked A, wliich is clay, 
a substance imperviou.s to water; here it would be retaiuoj 
arnl form the ground water. A well, IF, sunk into thi.s hoi 

would eon.He<pn;ntly «leriv<‘ its supply from thi.s ground water. 
The .stratum c imme<liatfdy below the clay is the chalk, aii'l 
green.-'arid, whilst at d there is again an imperviou.s .stratuia- 

’ The of tho ground \n very far from lH*ing horizont.-i] , ^ 

general rule it conform* to the ineriualities in height of tho surface 0 
gTonnd. j j„ 

2 A» with all geological section*, the height i« greatly exaggera 
compariion with the width. 
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As a consequence of this arrangement of the strata, a certain 
amount of the water falling on the (‘xposed portions of c would 
sink into and be retained in this .stratum, .since, as h is imper- 
vious, no water can escape upwards, and a.s d is als(> impervious 
no water can escape downwards. A well, driven into thi.s 
stratum, would derive its supply from this pentup body of water 
and would consequently have the character of a chalk water. The 
water derived from a well, W.^ driven through the impervious 
layer r/, would have the characters of a water coming from the 
greensand. Should the level of tlie water contained in the l)eds 
c and d be much higher than the surface of A, the water from 
these two wells would of itself rise above the level of the mouths 
of the wells; should it be lower, the water would only rise a 
proportional distance in the well and have to be pumped the re- 
mainder. From this it will be .seen that the water obtained from 
a well may bo collected at a great distance from the W(dl itsidf. 

Rain Water. — This, since it is dcriv(‘d directly from the 
condensation of aqueous vaj)our, is, when colh'cted in the open 
country at a distance from human <lwellings, the nearest appntaeh 
to pure water met with in nature. It contains, however, many 
impurities derived from the air, for, in traversing the atmos])here 
water dis.solvcs an amount of oxygen, nitrogen, and carl)on dio.xide 
gases equal to about 0.05 of its volume; small (piantities of 
ammonia, nitric acid, and sodium chloride an* similarlv taken np 
In towns, rain water takes up sulphuric .and .sulphurous acid the 
presence of which in the atmnsj)here is due to tlie burning of 
coal ; sometimes hydrogen suli)hide is also ahsori)ed. 

Besides these, rain water takes up small tr.a.a-s of the solid im- 
purities wliidi exist in the atmosphere in the form of dust. These 
are partly of an inorgaiiie nature, such as calcium and magnesium 

Ill’ll"' "’.f- T"''" a>"«' O I'"tassiuiu, and ,nan- 

Mit-st , part y of an organic, siicli as portions of if, ravin.' virrt- 
aUe tissue, the spores of bacteria ainl inmiM fnn.'i o'ccasioinllv 
microscopic plants of tlie lowest {Pr,,lora(n,/plunal,.^ *c ) 

itoonteLs nn' r""'**''-' iinpure,’ since 

it ha tr 11 ‘ from the surfaces on which 

.‘u - tlie- lieinp. as a rule, far from clean. Whe.I 

W,iue iiutriil. “ a i.s apt to 

ispi^fm®tafc.f™’Il Springrs.-Of the water which 

regulated hv tho n V 8r<;>i»'l vanes very much, and is 

it falls. In maBiteskr’r "" "" "■'‘i‘'’' 

its way into the tih, 't ’"“‘ft'”'® 'I'stmcts about 26 per cent finds 
25 per cent k tl ’ik"* 1 ** (Triassic), about 

as uA a. L*' 1’®^ ®®"t-; i'> ‘l>® loose tertiary 

'«srabsorbs a la?l ’ rnetrating the soli, 

g amount of carbon dioxide from the air con- 
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tained in the soil (the “ground air”), whicli is especially rich in 
this gas, containing, as it does, some 250 times more carbon dioxide 
than the air of the atmosphere. In descending farther it dissolves 
as much of the substances with which it comes in contact as it 
is capable of taking up, and it is much aided in this direction hy 
the carbon dioxide which it holds in solution ; thus when water 
saturated with this gas meets with chalk (calcium carbonate) 
the latter is converted into acid calcium carbonate, \vbich is a 
soluble salt. Rut the decompositions •which take })lace between 
water charged with carbon dioxide and tlie constituents of tlie 
soil are often of a much more profound nature than this; for 
instance, many silicates undergo partial decomposition, smajl 
(piantities of soluble alkaline silicates, alkalies, Ac., being liberated. 
Doulile decompositions also often take i)lace between the con- 
stituents of the soil, as when calcium sulphate and magiie.siuin 
carbonate mutually decompose one another to form calcium car- 
bonate and magnesium sul{)hate. 

General Constituents of Well and Spring Waters.- 

Of the inorganic matters in solution, the most commonly met with 
are the following : — Rases: .sodium, potassium, calcium, magne.sium, 
and iron ; acids and halogen ; sulphuric, nitric, nitrous, and 
phoric acids ; silica, carbon dioxide, and chlorine. Of the oigauh; 
matters taken into .solution, some entirely consist of carbon, hvdin- 
gen, and oxygen; others contain, in addition to the.se three cleiutMit.s, 
nitrogen, and often sulphur, but we pos.sess no very (lelinitc knew- 
ledge as to the exact nature of thes(‘ bodies. Sul)stanccs arc sniiu- 
times UK't with in sus[)ension, such as clay, Ac. The respective 
bases and acids of the inorganic constituents are estimated direcilv 
by chemical analysis, but the organic substances pre.sent in seln- 
tion can only be estinn'ite<l imlirectly. 

Statements of Results of Water Analyses.— In tlK^‘ 

.statements it is now customary to tabulate the metals found in tcrins 
of tlicir oxides ; thus calcium is expre.ssod as lime (CaO), ajid the 
acids in terms of their anliydridj-.^j, sulphuric acid being expre.^^p^i 
as 'SO^. A second statement then follows, in which the various 
bn.se.s and acids are given in tin* state in which they are su])|»>e(l 
to l>e combined in the* water, l.bifortunately, in tabulating the 
amount of the various constituent.s of a water, chemists einpl 'y 
very different rnetbod.s of statement. Some express their n .sult^ 
in grains per gallon, and probably for trade purjvoses this feiniof 
statement is the best, as every one has .some notion of the weight 
of a grain and the quantity of a gallon. This has been ol)jcct(d to 
on the ground that a decimal f(?rm statement is a more .scientific 
one, and this view of the subject has led to the re.sults of 'vater 
analyses Ixiing stated in parts per million, parts per 100,000, aia 
in some few cases in parts per 1000. Of those different nictlic(h) 
the first, which conesponds to milligrammes per litre, is frequci^O 
used on the Continent, ami is also often employed in this conn 0 
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in expressing the amounts of such suljstances as ammonia Ac. 
wliich occur in wat(;rs in infinitely small amounts, though the 
remainder of the results are expressed in grains per gallon. The 
second method — that is, ]>arts per 100,000 — is the one which 
Avas used by the Rivers J^)llution Commissioners, and has conse- 
cpiently to some extent ollicial sanction. The third method was 
formerly much used on the Continent, but seems to be now 
nearly obsolete. These diflerent metluxls of statement are easily 
conveitible into one another, if it be borne in mind that the 
gallon of water contains 70,000 grains ; it is olwious that a sum 
in simple proportion will convert any one form of expression into 
any of the other forms. For instance, if we have a water which 
contains 14 grains jier gallon of calcium oxide, this amount ex- 
p[e.s.sed in parts per 100,000 may be obtained as follows: 


70,000 : 100,000 : : 14 ; 20 

or, more shortly, by dividing the number of grains per gallon by 
0.7 : thu.s, 14 .=- 0.7 = 20. Similarly, parts per 100,000 are con- 
verted into grains per gallon thus — 


100,000 


70,000 


14 


or, shortly, by multiplying by 0.7 : thus, 20 x 0.7 ^ 14. 

Crains per gallon are converted into i)arts per million by divid- 
mg by 0.07 : thu.s, 14 grains per gallon dividetl by 0.07 erpial 200 
parts per million ; for the conver.se proce.ss multiply the parts ]>er 
million by 0.07 : thu.s, 200 parts per million x 0.07 ^ 14 trains 
l>er gallon. t - 

Attempts have been made at vaimms times to put an end to 
t ie .statement of re.sults in so many diflbrent way.s, and to induce 
ciiemists to employ one uniform plan, hut so far‘ the.se have l.>een 
unsuccessful. 

As lias lieen oliseiveil tiefniv, the lia-ses ami aci.ls are deter- 
ma se,,arately in every water analysis, hut it is eusto.uary to 
r.l,r ^1"* ■'"•'lition to the hare statement of ‘the 

bases a, ■'‘■presents the way in which the 
statenie , ^ i" ‘■‘'■■gined as salts in the water. This 

"■ay in whiV'M"*^r'’ “'1 “rbitrary nature, because the 

Uiwn with 1/ 'l '■■ "'■■ter is not 

It I " exactitude. 

artificiaifv that it i.s imiio.ssiblo to imitate 

^UposSe '"•'‘y '>« «"’‘‘ysed with 

these are added ’J'r .'n V'Kredicnts exactly a.scertained. Ihit if 
the artifio'ial wnt ' water in tire exact jiroportions found, 

Liehrich points out'’^°f *1" "''P " **'• Professor 

tins diffoi. •’ natural one in tovste and value ; 

cordiince with ^ exphain.'’ As being in strict ac- 

18 view, the results of experiments conducted at a 
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brewery in Berlin may be cited, wliere it was attempted to produce 
beer having tlio qualities of the renowned Munich beer. The water 
was artificially prepared so as to resemble the jMiinich water ;is 
closely as possible, and all the other materials, with the exception 
of the water, were imported from the BavAriaii ca})ital. Tlie 
quality of the beer produced, however, did not reach the Munich 
standard. 

The statement of the results of a water analysis, in whicl) ihc 
constituents are given in their probable state of combination, is 
convenient, and enables an opinion to lie more easily fornietl 
to the general characteristics of the water, than one which gives a 
mere statement of the various bases and acids it contains. 

Waters considered in respect to the Geological For- 
mations in which they occur. - The composition of the 
various rocks, strata, vVe., which water meets with, cither in 
percolating tlirough the soil or in flowing over its surface, dilfer.' 
widely. Tlie salts found in a particular water de[H‘nd upon tin 
citniposition of the various strata with which it comes in con- 
tact, and these will ditler as the geological forinati<»n of the 
district varie.s. It is impossihle to say with absolute eertaiiily 
what the.se strata will be in any particular district, heenuse, 
as a rule, the* information wc j)ossess is not snllieiently niinute 
as to what tlie geological formation of any particular district 
is, for only the lu'oad features hiive been laid <lown by geolo- 
gists, and tiiese are usually insnllicient f(»r this purpose. Tlim 
a hard .selenitic (calcium sulphate) water may l.»e foiunl occasionally 
in the middle cd a sandy district which yields in otlicr places 
a soft water. 

Hardness of Water.— This term, which is in everyday use. 
i.s in reality a rough oxpressiou of the conqnirative soap de.stroyiny 
power wliicli a water exerts hohin* it permits tin* soap to exeicist 
its well-known dtUergenl action. Every one is aware of the fact 
that, when soap is iiscil witli a very hard water for the purpo:''- 
of ablution, a cmiain amount of soap has to be dissolved befoiv a 
lather can be formed ; whereas, when a very soft water is viii- 
ployed, a lather is obtained at onc»* ; the formation of a lather s('i ves 
to indicate the point at whieh the eleansing action of the soa[i('e!ii- 
mence.s. Dr. Clark very ingeniously founded !i proec.'-js fc»r tla- 
comparative e-timation of the hardness of waters on this principle- 
In this an alcoholic solution <.f .soap of a delinib* strcnglli 
addeil little by little to a measured quantity of the water pluvo 
in a sbqjpered bottle. Afte*r each addition of soaj» .solution tie 
water is vigorously .shaken, ami .so .soon as a lather forms 
its surface, which is j)ermanent f«jr two minutes, the ([mintj ) 
of soap solution is read off, and from the amount used ^ 
way the hardness of the water is expressed in dcgrec.s. » 
ia a comi)ound of an alkali, .such as soda, with one or 
the fatty acids, and when its solution is added to a ^vatci c 
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taiiiing calcium or magnesium salts, decomposition ensues, and 
t\\e eart\\y Aliases combine \vit\\ t\\e iatty acids to iorm inscWble 
ojanpounds-, it is only alter t\ie wboie oi these 'V)ases are pre.- 
cipitated that a lather can be forme<l. The formation of the 
first lather indicates that tlie point has been reached at which 
all the earthy bases have been removed from solution ; conse- 
quently, the amount of soap solution used to reacli this point 
forms the basis for an estimation of their quantity. 

A sample of water is tested in this way both before and after 
boiling. Obviously a water containing the acid carbonates of lime 
and magnesia will show a le.ss degree of hardne.ss after Tioiling 
(p. 382). The amount removed in this way is termed the “ tem- 
porary hardness,” in contradistinction to that which depends upon 
the presence of the sulphates and chloriiles of the earthy bases 
and which, not being removalilo by h(.iling, is termed “permanent 
hardness.” 

Since the term “hardness of a water,” when applied according 
to its commonly (\cce[)ted meaning to a class of waters very often 
used for brewing purposes, conveys an entirely erroneous im- 
pression as to the character of such water-s, this term, if applied 
at all to brewing waters, should be strictly limited to permanent 
hardness. As Clark’s test is hut a rough one. it is much better 
to form an opinion of the hardness of a water from the results 
of an actual analysi.s, by means of which it is ))ossible to learn 
exactly what proportion of the calcium and magnesium salts will 
be precipitated on boiling and what proportion will remain in 
solution. 


Consideration of Brewing: Waters with reference 
10 tneir Mineral Constituents.— Since water is one of the 

most important substances u.se<l in brewing, it is one. of the first 
and most indispensable conditions that every l)rewery sliould 
possess an abundant and never- failing supply of suitable wattu’. 
iiie most usual sources of brewing water in this country are wells 
springs, but occasionally lake or river water is employed; 
am ram water, if collected under proper conditions, may also be 
irn/^ • "V sup])ly of water is of such primary 

por ,ince in brewing operations, before the erection of a brewerv 
to particular locality it is absolutely necessarv 

of affording a suf- 

pronosiHr''^^ requisite, quality. Though this 

imknrnvv appear to be self-evident, yet instances are not 

'^ation of Ti been erected without an investi- 
diflicnlfiao 1 made, and where considerable 

Tbp A r subsecpiently arisen from the oversight, 
slider poTi%^ ^htaiiied from the different sources just mentioned 
^oimtitufiiuo 1 ^ amount of organic and inorganic 

adapted in contain. Some of them are eminently 

cir natural state for the production of one particular 
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class of ale, and can be modified by artificial treatment so as to 
become fitted for the production of ales of all classes ; others do 
not lend themselves readily to such treatment ; whilst others, 
either from the amount of organic pollution which they have been 
subjected to, or from the quantity or qiuality of the inorganic 
salts which they contain, are entirely unfitted to enter into the 
composition of beer, tliougli they may be employed for refrige- 
rating purposes. 

It has been found that the waters best adapterl for brewing 
purposes are those whicli contain inorganic salts in quantities 
which should not vary Ix^yond certain limits. In all public M’ater 
supplies for domestic purposes, the quantity of inorganic con- 
stituents demanded by hygienic consi<lerations is much less than 
that permissible or, as a rule, advisable for brewing piir[)oses; 
consequently, waters of this class are not generally fitted for the 
production of all the classes of ales without further modification ; 
but in all cases these waters may be so treated artificially as to 
render them suitable for use in the l)rewery. The waters cliietiy 
used for brewing purposes are derived from wells or springs, 
though rain, lake, or river water may also l)e used for this purpose, 
provided it possesses the ropiisite i)urity, organically and in- 
organically. The waters derive<l from springs, wells, Ac., as met 
with in various parts of the country, ditler widely in the quantity 
and nature of the inorganic constituents which they contain, 
(jf the various salts generally met with in well and spring water, 
some, such as the calcium and magnesium suljdiates, the sodium, 
magnesium, and calcium chlorides, exerci.se a Ixuieficial influence 
when not present in too large quantities ; whilst others, such as 
sodium sulphate and carbonate, when occurring in any consider- 
able (juantity, are ])rejudicial. Naturally, water for brewing pur- 
poses must not contain any of the salts of the })oisonous metals : 
and the salts of iron, when )>resent in anything but mere traces, 
are detrimental. 


Experience has shown tliat the waters of some districts are 
particularly adapUsl for the i^roduction of ales of one particular 
character, whilst they are unsuitable* for tlie production of these 
of another class. Thus the waters found at l>urton-on-Trent have 


l^en long renowned for yielding excellent pale ales, whilst the.'^e 
of Dublin have been equally famed for producing black beers, lu 
other districts waters are fouml which are admirably adapted f"i 
the production of mild ales. When investigations were made into 
the chemical coiustitution <»f these various waters, it was found 
the difference in their beliaviour in brewing operations bore a 
constant relation to their chemical composition. Thus the water.^ 

of Burton were found to contain large quantities of the sulpha < 
i; 1 nvoolloTiee in tlie 


of lime, and to the presence of this salt their excellence m 
production of tliat particular class of ales for which this distn 
has been so long famed is undoubtedly to be attributed. 
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Dublin waters, on the other hand, were found to contain calcium 
sulphate in small quantity, but fairly large amounts of the acid 
calcium and magnesium carbonates; and, since these latter salts 
are almost completely precipitated on boiling, the water as it is 
actually used in brewing contains but two or three grains of solid 
matter per gallon. The waters which experience has shown to 
yield the best mild ales also show a marked difference in composi- 
tion from the other two. In these, calcium sulphate only occurs 
in quantities of from 5 to 7 grains per gallon, whilst sodium 
chloride predominates. These important facts havini^ been estab- 
lished, it occurred to chemists that a water inorganically unsuitable 
to the production of a particular class of ale might be so modified 
in its chemical composition as to be rendered fit for the production 
of another class of ale. It was found that some waters could be 
so treated, and thus aro.se tlie various .systems for treating water 
chemically which have been practised to such a large extent during 
recent years, and which have been followed with very advantageous 
results. Thus the London waters have been long noted for their 
adaptability for the f>roduction of l)lack beers, and for their iinfit- 
ne.ss for yielding pale ales ; .so much was this the case, that formerly 
it was the custom for Dmdon firms eitliOr to <^btain their pale ales 
from Piirton or to have a brancli brewery there. By chemically 
treating the London watens, it is now found possible to l)rew pale 
ales which are able to compete with those produced at Burton. 

Waters Adapted for Producing Pale Ales. — As has just been 
observed, the waters most suitable for the proiluction of pale ales 
are those which C(*ntain calcium .sulphate in fairly large (piantity. 
Of these tin; Burton waters may be taken as typical examples. 
The following are the results of an analy.sis ^ of the water from a 
deep well situated in that town : — 


Type I. 


Silica . 

Grains pi*r 
(»allon. 

. 0.49 

Alumina 

. 0.49 

Iron oxide . 

. trace 

Lime 

• 36-33 

Magne.sia 

. 10.15 i 

Soda 

• 7-25 

Potash . 

. 0.S6 

Chlorine 

2.37 

Sulphuric acid 

• 52.29 

Nitric acid . 

. 1.25 


Sodium chloride . 

Grains per 
Gallon. 

• 390 

I’otassium sulphate 

. 1.59 

Sodium nitrate 

. 1. 97 

Sodium sulphate . 

. 10.21 

Calcium sulphate . 

. 77.S7 

Calcium carbonate 

7.02 

Magnesium carbonate 

. 21.31 

Silica and alumina 

. 0.9S 


In this and similar waters the amount of calcium sulphate is 
exceedingly high, whilst a fair amount of calcium and magnesium 

^ E. Brown, “The Geology and the Mineral Waters of Burton-on-Trent." 
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carbonates, which are precipitated on boiling, are also present ; the 
chlorides are very small in quantity. The amount of calcium 
sulphate in this particular water is undoubtedly very large, and 
most probably all the possible beneficial effect to be derived from 
the presence of calcium sulphate in a brewing water may be 
obtained with from 40 to 50 grains per gallon of that salt. 

Waters Suitable for Black Beers. — As a contrast to this 
class of waters, an analysis of one of the Dublin well waters is 
appended : — 

Type II. 


Silica , . . . 

Grains per 1 
Gallon. 1 
0.26 ' 

Sodium chloride . 

Grains per 
(tallmi. 

I. S3 

Iron oxide and alumina 

0.24 

Calcium sulphate . 

4-45 

Lime . . . . 

979 

('alcium carbonate 

14.21 

3 Iagnesia 

043 

Maf^nesium carbonate . 

0.90 

Soda . . . . 

0.97 ! 

1. 1 1 

Iron oxide and alumina 

0.24 

Chlorine 

Silica . . . . 

0.26 

Sulphuric acid 

2.62 




Waters of this class are distinguished by the small quantity of 
calcium sulphate and all the other constituents, with the e.Kception 
of calcium carbonate, which they contain. This last salt is almost 
entirely removed on boiling such a water. 

Waters Fitted for Mild Ales.— The following is the analysis 
of a water adapted for the jiroduction of mild ales 


Type III. 


Silica .... 

Grains per , 
Gallon. 

0.22 

Sodium chloride . 

Grains per 
Gallon. 

35-'4 

Iron oxide and alumina 

0.24 

Calcium chloride . 

3.88 

Lime .... 

I 3»3 

Calciuin sulphate 

6.23 

Magnesia 

1.91 

Calcium carbonate 

16.37 

Soda .... 

18.62 

Magnesium carbonate . 

4.01 

Chlorine 

23.81 

Iron oxide and alumina 

0.24 

Sulphuric acid 

s-o? 

Silica . . . . 

0.22 


The essential characteristic of this class of waters is the high 
amount of chlorides and the comparatively small amount of calcium 
sulphate which they contain. 

Artificial Treatment of Brewing Waters. —From the above 
generalisations of the inorganic constitution of tho.se waters whic 1 
have been found by experience to be the best fitted for the pro- 
duction of the flifferent classes of ales, it is obvious that no sing c 
water possesses the qtialitications necessary for producing e.very 
class of beer. Fortunately, the knowledge acijuired during 
past few years has shown that it is [)08sible so to modify 
inorganic constitution of many waters that this important rcbU 
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may be attained. Some waters do not lend themselves so readily 
to this treatment, and there still remain others whicli it is abso- 
lutely impossible to convert into good brinving waters. As an 
example of the first of these may be adduced the waters from the 
chalk, Avhich are very frequently met with, and which are highly 
valued for brewing jiurposes. 

The following is the analysis of one of these : — 


Oralns per Grains per 

(;all(»ri. Gallon. 

Calcinm carbonate . 17.92 Calcium chloride . . 0.21 

Magnesium carbonate . 0.49 Sodium chloride . . 0.84 

Calcium sulphate . 0.07 Magm^.sium nitrate . 1.05 

Potassium sulphate , 0.56 .Silica . . . .1,12 


Such a water as this, without any other treatment than boiling, 
is eminently fitted for the production of black beers, since, when 
boiled, the carbonates are almost completely precipitated, and very 
little solid matter of any kind remains in solution. 

To convert such a water into one suitable for the production 
of pale ales, an addition of those salts in which the water is 
deficient must be made, and its inorganic constitution brought 
more into agreement u'ith that of a water of Type 1., of which an 
analysis has just been given. Tliis will be secure<l by the addition 
of the following sal^ in quantities equivalent to tlie following 
amounts of the respective anhydroiis salts in grains per gallon ; — 

Calcium sulphate 50 grains. 

Magnesium stilphate 6 grain.s. 

Calcium chloride 10 grains. 

These salts, as met with in commerce, alway.s contain definite 
amounts of crystalline water, hence in all calculations this mu.«t 
be allowed for. The amounts of tln^ anhydrous salts given above, 
stitticient for one barrel of water, are worked out in the following 
statement, in which their water of crystallisation is taken into 
ticcount. It is arranged in a convenient manner for everytlay use : — 

Calcium .sulphate (gyjx'ium, CaSOj I 2114 )) . • 5! ounces. 

Magnesium sulphate (Kpsora salts, MgSO^ • 7HjO) . i ounce. 

Calcium chloride (saturated solution) . . . j^^th of a pint. 

The gyi)sum, which should he in the state of a tine powder, is 
intimately stirred into sullicient water to yield a mixture of the 
con.si.stence of thin whitewash ; the remainder of the ingredients 
jre added to this, and the whole mixed with the water of the 
lot-liquor tank, when it is in a state of lively ebullition. If 
|ne water in the tank is not boiling, the contents of the hot- 
bdiior back should be well roused from time to time, in order to 
secure the solution of the calcium sulphate, which is by no means 
^ ''ery soluble salt. Obviously the whole of the water used for the 
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— mash and sparge liquor — should be similarly treated. Cal- 
cium chloride (CaCl.^ + 6H.,()) is such an extremely deliquescent 
salt that it is difticult to handle it in the solid state. Consequently, 
it is much better to obtain this substance in the form of a saturated 
solution, which has a specific gravity of 1380. 

In order to convert the original water (marked A) into one 
suitable for proclucing mild ales, an addition should be mad.^ per 
gallon equivalent to the amounts of the following salts in their 
anhydrous condition : — 

Calcium sulphate 5 grains. 

Magnesium chloride 5 grains. 

Sodium chloride 3^ grams. 

This result will be obtaiiiea by addin',' the following quantitifs of 
the commercial salts to each Viarrel of brewing liquor ; 


Calcium sulphate . . • • 

Calcium chloride (saturated solution) . 
Magnesium chloride (45 j^er cent, solution) 
Sodium chloride (common salt) . 


5 ounce. 
j‘^th of a pint, 
qt^th of a pint. 
2^ ounces. 


As magnesium chloride, like calcium chloride, is an exceedingly 
deliquescent salt, it is best kept in the form of a 45 per cent, 
solution, made by placing 4^ chloride in a ves.spl, 

adding four pints of water, and, when the salt is dissolved, making 
the quantity up to one gallon. The specific gravity of siicli a 
solution will be about 1 1 Co. , . 1 

Another method of securing a very similar result is the addi- 
tion of three-quarters of an ounce of calcium sulphate and three 
ounces of Kainit ‘ to every barrel of mash liquor. Kainit is a 
mineral substance which iii its pure state contains one molecule 
of potassium sulphate, one of magnesium sulphate, and one 
of magnesium chloride, together with six nndecules of Matei 
(K.,S(\ + Mg.SO^+ MgCU + blljO). lint as met with in com- 


I Kainit i. oWained fnnn mines sunk in a very jwculiar geelngical forma « 
which exists at Stassfurt in (Jermany, and which is supposed t” 
formed by the evap<.ration of such an inland sea as the Dea<l . f . 

bed consists of an enormous ma.ss of rock salt, interspersed with thin u 
gymum. Next come.s a layer of Polyhallite (2CaH()4 + Mgb04 f- R‘.’^h+ ' 

then one of Kieserite (KCl n .8 per cent., >IkS04 21^.5 per cent, 


5 


cent., 


N-aCr«'5 i»r''«nt.:’caS 67 i ;9 Ft “"t- 26.1 per cent.). O" ‘"((l! 

this last bed is found the Kainit, above which there is found “'^, 50 

quantities of Sylvinite (KCl 30.55 P« <=e»t., K.,SO, 6'97 r, to 
per cent., MgCl- 2.54 per cent., NaCl 46.05 per cent., CaSO, I.So pe 
H.(), *c., 7.29 per cent). The way in which these “ Pjou, 

strongly to their various components having been eep^ated from ai 1^ 
solution by slow evaporation, the less soluble salts being the r 
posited. Most of these beds, with the exception of tlie r®'* „lt! 

Urgely mined for maniirial purposes, the large quantities of pota 
which they contain rendering them very valuable manures. 



artificial treatment of brewing waters. 379 

nierce it is never pure, being largely contaminated with sodium 
chloride. Its average composition, as given by Maercker,i is as 


follows : — 

Ter Cent. 

Potassium sulphate 21.3 

Magnesium sulphate 14.5 

Magnesium chloride 12,4 

Potassium chloride 2.0 

Sodium chloride . 34.6 

Calcium sulphate 1.7 

Clay 0.8 

Water 12.7 


100.0 

We now come to another and numerous class of waters, which 
require the addition of various salts not only to supply the natural 
(lehciency of the waters in certain saline constituents, but also to 
remove by double decomposition salts which arc in themselves 
detrimental. For instance, suppose wo have a water containing 
10 to 15 grains of calcium sidpliate and 5 or 6 grains of magnesium 
sulphate per gallon, which is in other respects of fairly pure 
quality, and that wc wish to produce black beers with such a 
water. To do this successfully the calcium and magnesium of the 
sulphates must be removed, and this can be ellected by adding 
sodium or potassium carl)ouate, or a mixture of both, in proportions 
equivalent to the respective amounts of the sulphates we wish to 
displace. On boiling .such a water, after this addition, double 
decomposition ensues, sodium or pota.ssium sulphate being formed, 
togetluir with calcium and nmgnesium carbonates, and these latter, 
since they are nearly insoluble, are precipitated and removed. 
Obviously, by such a method we protluce a considerable amount 
of sodium or potassium suljdiate, or of a mixture of the two 
salts, and these salts, especially the sodium one, are not very de- 
sirable ingredients in a brewing water, as they are a{>t to extract 
a somewhat coarse llavour from the ho})s. Still, in the brewing 
of black beers this is not a matter of such primary consider;ition 
as would bo the case in the production of a pale or mild ale. 
The equivalent of anhyilrous calcium sulphate is 136 ; that of 
crystallised sodium carbonate (NaXG.^ + ioH., 0 ), 286; and that 
of crystallised potassium carbonate (K.^CT^ -e 2H.,0), 174. Con- 
sequently, each grain of anhydrous calcium sulphate present in 
a Water will require for its decomposition 2.13 grains of sodium 
carbonate, or 1.28 grains of potassium carbonate; similarly, each 
grain of anhydrous magnesium sulphate (equivalent 120) will w- 
carl^ ^* 3 ^ grains of sodium carbonate, or 1,45 grains of potassium 

j Obviously, the calcium sulphate of such a water as that of Type t 
• niight he removed in this manner; hut, in such a case, the 

^ Die Kalidungung, p. 5, 
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large amount of sodium or potassium sulphate formed would 
render the water unfitted for brewing any class of ale. 

Many waters are met with that contain small quantities of 
calcium and magnesium in the form of carbonates only, but 
which contain the carl)onatcs and sulphates of the alkalies in 
considerable proportion. Of such a nature are the waters found 
in the strata beneath London, which are derived from the green- 
sand below the London clay. It is from these waters that the 
black beers for which London has so long been celebrated arc- 
brewed. The following are the results of an analysis of one of 
these : — 

Grains per Gallon. 


Sodium carbonate 

Sodium chloride ...... 

Sodium sulphate ...... 

Calcium carbonate ...... 

Magnesium carbonate . . . • • 

Silica and alumina (including traces of calcium 

sulphate) 

Iron oxide 


II. 13 

9.85 

1.34 

6.75 

1.85 


0-39 

0.49 


Such waters as the.se in tlieir natural state are eminently lilted 
for the pnxluction of hlack b«‘ers, hut they require considerable 
treatment before being n.sed for brewdng ales. This treatment 
Consists in the ad<lition «»f substances which convert the salts 
prejudicial to ale-brewing (the sodium carbonate and sulidiate) 
into compounds of a harmle.ss nature. This o 1 )ject is best elleeted 
by the addition of calcium chloride in jn'oper proportion. Louhle 
decomposition then ensues on boiling the water : the carbon dioxide 
of the sodium carbonate goes lover to the calcium of tin; cahium 
chloride to form ins<jluble ealeium carbonate ; whilst the chlorine 
goes over to the sodium and forms sodium chloride, which re- 
mains in solution. Tin; sulphuric acbl of the sodium salt goe.s 
over to the calcium of the calcium chloride t«) form calcium sul- 
phate, whilst its sodium unites with the chlorine to form sodium 
chlori<le, both which salts remain in solution. Such waters as 
these may be easily convertc-<l into waters well adapted for the 
j»rodnction of mild ales, tand this would be effected by the addition 
per barrel of ij pint of saturated solution of calcium chloride. 
If, however, pale ale.s are to be pro<luced from one of the.se watei.^, 
a further addition will have to be made; lliis will be the <u < 1 
tiori of sutlifdent calcium sulphate to bring the water up 
standard of Type L, and in this case the quantity to be at' ft' 
would be about 5J ounces per barrel. Obviously a water trea cj 
in this manner would contain an amount of sodium chloride inuc 
larger than the typical class of waters best fitted for the pie 
duction of pale ales; lienee an ale produced from such a wa 
after artificial treatment is never equal to the real Burton .j 
Owing to the large amount of sodium chloride which it 
contain after treatment, an ale produced from such a water co 
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never have the cleanness and delicacy of flavour possessed by one 
brewed with the natural water. Much of the “running ales” 
brewed in London and its neiglibourhood, which are of an exceed- 
ingly satisfactory nature, are produced with this class of water in 
its natural state. 

Waters Entirely Unfitted for Brewing Purposes. — Waters are 
occasionally met with which, owing to the exce.ssive amount of 
either one or several of tlie mineral constituents that they contain, 
are entirely unfitted for brewing purpo.ses. For instance, waters are 
sometimes found containing over 100 grains per gallon of calcium 
sulphate. Such waters interfere so sciriously witli the course of 
fermentation that it is impossible to produce a satisfactory article 
with them. In the case of a water of this kind, which is in other 
respects a suitable one for brewing purposes, the only way is to 
dilute it with a purer watei-, such as that .supplied for domestic 
purposes. Waters are also occasionally met with which contain 
enormous quantities of sodium chloride, amounting to as much as 
160 grains per gallon. These, likewise, are entirely unfitted for 
lirewing purposes, since tliey seriously interfere with the fermen- 
tations, and cause rat)id weakening of the y(‘ast. Perhaps 50 
grains per gallon may be put down as the largest amount of sodium 
chloride ])erniissible in a brewing water ; the only way out of the 
difficulty with such a water is dilution with one fi-om a purer 
source. 

Removal of Iron from Brewing Waters.— Occasionally .sdts 
of iron occur in water in such quantities as to demand their 
removal. In a water which Lamtains a fair amount of the calcium 
and magnesium carbonates, sinq)ly Ixiiling the water ellects the 
removal of tlu* iron. Tin* calcium or magnesium combines with 
the acid of the iron salt, iron carbonate l)eing fornuHl, which, at 
the temperature of Ixuling water, is (]uickly converted into in- 
soluhle iron oxide, and is pr(‘cipitate(l along witli the calcium and 
magnesium carbonate.s. Where these boilies do not exist in a 
water, the removal of the mm is best ellected by the aildition of 
sodium carbonate in quantity rather more than is sullicient to de- 
compose the iron .salt jiresent, and after the water has been well 
hoiled, to add ealciuin chloride in a rather larger quantity than is 
sufficient to decompose the (*xcess of sodium carbonate. In tlie 
1‘cpprt of a water analysis the iron is always returned as ferric oxide, 
dn iron salt containing one grain of ferric oxide (Fe./l^) requires for 
Its decomposition 1.79 grain of crystallised sodium carlionate ; and 
or the decomposition of one grain of crystallised sodium carbonate 
°j4 grain of calcium cliloride is necessary. Thus, in a water 
smwn ])y analysis to contain 2.26 grains per gallon of iron oxide, 
4-05 grains per gallon of crystalliseil sodium carbonate Avill be re- 
qmred to destroy the iron salt ])resent. To effect this olqect in 
c ual practice, it is best to add a little more than the theoretical 
quantity— say^ in this case, 6 grains per gallon, which would leave 
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nil excess per gallon of 1.95 grain of sodium carbonate. For tlie 
decomposition of this quantity of sodium carbonate 1.95 x 0.4 = 0. 78 
grain of anliydrous calcium chloride would be required, and as the 
addition of -/^th of a Huid ounce (20 lluid ounces =i pint) of ^ 
saturated solution of this salt to each barrel of water would lie 
equal to the addition of about one grain per gallon, the object in 
view would be cliected, and a slight excess of calcium chloride left. 

Influence of Boiling upon Certain Waters. —The chemical 
composition of many waters is considerably modified when they 
are boiled. Waters which contain the acid carbonates of lime 
and magnesia sutler great alteration on boiling. The sccoml 
molecule of carbonic acid, which is somewhat loosely attached, 
becomes liberated, and, as a consequence, the calcium and magne- 
sium carbonates, being insoluble liodies, are precipitated thus 

H,Ca(COa)2 = H.CO^ + CaCO^. 

Acid calciuia carbonate. Carbonic acid. Calcium carbonate. 

This reaction takes jdace gradually, and about half-an-liours 
vigorous boiling is required to ensure the fairly complete elimina- 
tion of tint (‘arbonates. 

Many natural waters are met with which contain calcium and 
magnesium sul[)hates in solution along with acid sodium carlxmatc. 
The composition of these is considerably allected by boiling; 
double <lecomposition ensues, one molecule of tln^ carbonic acid 
of the .sodium being lilterated, the other [)assing ov(‘r to the 
earthy ha.ses, while the sul})huric aeid from these combines with 
the sodium, tlius : — 


2(HNaCO;d 

-r CaS()4 

HoCO, 

r CaCOj + 

Na:.S04 

Acid s<xllnm 

CaUiuiii 

CarUjiiio 

Calcimn 

Sodium 

cariM>natc. 

sulpliatc. 

acid. 

carixdiate. 

sulpiiatc. 


Consideration of Water with reference to its Organic 
Constitution. — Experience has long shown that the })resenc (3 ef 
any considerable quantity of organic matter in a water iisetl for 
brewing purpo.ses is liigldy undesirable ; beers produced from such 
contaminated waters show a great tendency, especially maiketl in 
hot weather, to become “ fretty,” go turbid, turn sour, and refuse 
to he clarified in the process of lining. The sources of the organic 
matter in water are manifold ; rivers are often polluted witli the 
refuse of manufactures, such as tanneries, paper mills, &c., &c. ; 
frequently they are defiled by the sewage of towns. Surface 
water is often contaminated by flowing over arable ground on 
which manure is spread regularly. Wells in and about towns are 
often rendered organically impure by the drainage from cesspools, 
liquid fKirtions of manure from stables, &c. Waters collected 
from uncultivated land frequently contain large quantities 01 
organic matter of vegetable origin (peaty waters). 
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The organic bodies which contaminate a water cannot, like tlie 
inorganic ones, be directly isolated ; consequently their (quantity 
cannot be determined directly. We are therefore obliged to be 
content with a determination of one or more of the constituents 
of the organic matter, and to deduce from these the amount of 
contamination which any particular sample of water has been 
subjected to. Several of the processes that have been proposed 
for this purpose will be afterwards described. 

Ill forming a conclusion from the data allbrded l^y the results 
of a water analysis, it may be useful to liear in mind the following 
facts. Urine, which contains nearly i per cent, of sodium chloride, 
is one of the most frequent sources of pollution ; consequently, a 
water which contains a much larger amount of this salt than other 
waters occurring in the same district, jind which are known to 
be uncontaminated by sewage, is to lie regarded with suspicion. 
A fairly large amount of a highly nitrogenous substance called 
“urea” is also present in urine, and this, under the inHiiencc of 
certain bacteria, is rapidly transforimal into ammonium carbonate ; 
couse(piently, waters directly }>olluted by urine contain considerable 
amounts of free ammonia as well as chlorides. The drainage from 
sewers, middens, and cesspools are rich in both chlorine and 
ammonia. Ammonia is also one of the chief compounds derived 
from the dm'omposition of animal organic matter; hence its 
presence in the water of a shallow well often jioints to recent 
pollution with organic matter of animal origin. Rain water as 
it desceaids through the atmosphere dissolves a fairly large amount 
of ammonia ; in districts remote from towns the average amount 
of this sulistance found in rain watm- is 0.41) jiart per million 
parts of water ; in towns the (juantity may reach 2.10 parts per 
million. Nitric acid is also found in a small <|uantity in rain 
water, in country places about 0.12 grain })er gallon. Much 
chlorine is often present in rain water falling near the sea ; as 
much as 3 grains per gallon of chlorine has been found in such a 
water. The washings of solid excreta contain little chlorine, but 
much organic matter, and also phosjdioric acid. 

Effect of Filtration Through, and Drainage Over, the Soil 
on the Organic Constituents of Water.— Filtration through the 
«oil is the great natural purifier of water, and its beneficial effects 
are most marked in soils of a loose, [xtrous nature, especially when 
these are well aerated. In jiassing through them, the ammonia 
nch i.s present in the water, whether derived from the atmos- 
phere or from the putrefaction of organic matter, is rapidly 
oxidised into nitrous and nitric acids by certain bacteria which 
6x1st in every soil ; and these acids, immediately they are formed, 
ooTiibine with one or other of the alkalies or alkaline earths present 

the .soil to form the corresponding salts. It has been found 
Y ^ cent, of tlie nitrogen of the London sewage is con- 

f cd in this way into nitric acid by slowly traversing a stratum 
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of gravelly soil 5 feet tliiek. A water containing a large quamity 
of nitric acid has almost certainly been contaminated, at sona* 
portion of its history, with organic matter of animal origin^ 
A'egetahle matters, under like circumstanct's, yield either no nitii,. 
acid or mere traces. As the }»resence of nitric acid (comlaued as 
nitrates) in any quantity less than 10 grains per gallon may 1,^. 
permitted in a water used for brewing purposes, the t)rosence of 
nitrates to this amount in the water of a deep well is of no iiiqxjn- 
ance, since sucli a wat(‘r must have passed through an immense 
thickness of soil, rock, Ac., before ))eing finally collected. When, 
however, nitric acitl is present in large (juantity in the ^vater of a 
shallow well, the matter stands very diilermitly, and especially 
when this acid is accompanied by nitrous acid. Here the tilteiiiii; 
strata are of a comparatively small thickness, and though fliey 
may he sullicient at most times to convmt into nitric acid and 
render innocuous all the <n*ganic matter originally pres(‘nt in tin- 
water, yet there is always the danger that the filtering })ower(tf 
such a soil may become overtaxed, and theii organic matter in a 
state of putrefaction will obtain access to the wcdl. Tin? soil itstdf 
has also the remarkahle property of ahsorliing and r(*taining several 
substances, .such as ammonia, potash, pliosphoric acM, Ac., which 
the plants gTOwing upon its surface remove for their nourishineiil : 
hence, water wlncli is ol)taine(l l>y surface drainage from uncultivated 
tracts of land, such as moors, is found Xn he almost destitute of 
tlieso bodies, though ammonia and nitric acid are invariably con- 
tained in the rain which falls on the .soil. AVhen tlu‘ water is 
collected fnnn cultivated tracts of land, the intluenc(' of mamiriiiy' 
becomes evident by the ap[>earance <4 ammonia and nitric acid in 
the water. 

Ammonia is often contained in fairly large amounts in the 
water of deep wells, esjM'cially in tlnjse which are sunk through 
the London clay into tho chalk. In this case it is derivod from 
the nitrate.s present in tin- water, ami is of even less importance 
than the nitrates from which it is derived, since it is still inoiv 
remote from the original organic contamination. Waters derived 
from deep wells often contain large quantities of nitric acid 
nitrates, these may occasionally amount to 4 or 5 grains p'l 
galhun 

The Combustion Process of Professor Frankland.-— In 

process a quantity of water is lirst boiled with sulphurous acid, to 
remove nitric and nitrous acids and carbon dioxide, a trace 01 
ferric chloride Ixjing also added to en.suro tho destruction of the 
nitrates. The water is then evaporated to dryness, certain pj'^' 
cautions being taken .so as to ensure that no impurity is taken up h} 
the water during thi.s part of the }troce.s.s. The dry residue is then 
removed from the di-sh, mixed with cupric oxide, and placed iii ^ 
combustion tube. The tube is then partially filled with cupric oxu e^ 
a cylinder of copper gauze being placed in front, and afterwan 
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another layer of cupric oxide. The tube aiul its contents are now 
placed in the combustion furnace, connected with a Sprenjrel 
air-pump, and the air completely exhausted. Heat is gradually 
applied to the tube from before backwards. The. organic matter 
in the water-residue is burnt up by tlie combined agency of heat 
and the oxygen liberated from tlie cupric oxide, its carbon being 
given off as carbon dioxide, its hydrogen as water, and its 
nitrogen as nitrogen and nitric oxide. Tlie gases as they escape 
are collected in a jar over mercury, and, when the combustion 
is finished, are transferred to a graduated tube, and tlieir respec- 
tive quantities measured. From the measurements thus obtained 
the respective weights of the nitrogen an<l the carbon dioxide are 
calculated. These are then calculated into parts per 100,000 
parts of water, and expressed in these tm-ms in the statement of 
the results of the analysis. In addition to this, the free ammonia 
in the water, the chlorine, the nitrogen of the nitrates and nitrites, 
as well as the total solids of the water, are estimated and recorded.^ 
The following are the results of ihe analyses of two wmters by this 
process ; the first of these is a very pure water, the second is one 
which has undergone considiirablc organic, contamination : — 


Statement of Anal y si a in Parts per 100,000. 


Source of Water. 

Total 

Solids. 

Organic 

C.-irbou. 

Organic 

Nitrogen. 

Ratio of 

C to -V. 

Ammonia. 

Nitrogen .as 
Nitrates aixl 
Nitrites. 

'J'otal 

Combined 

Nitrogen. 

Previous 
Sewage Con- 
tamination. 

! 

Chlorine. 

J 

Loch Katrine . 

Polluted well . 

2.40 

77.44 

P 9 

0.022 j 8.4:1 0,001 0.000 ■ 0.023 

0.186 ; 1.6:1 0.026 '2. 130 2.337 

: 1 

0.000 0.85 

21.190 12.40 


In forming an opinion of the organic purity or otherwise of a 
'vater from the results of an analysis in this form, the absolute 
amounts of organic carbon and nitrogen are first considered. In a 
water fitted for domestic purposes tlie organic carbon should not 
exceed 0.2, nor the organic nitrogen 0.02 part of water; but in 
<i water employed exclusively for brewing }>ur[)oses consiilerably 
more latitude may be allowed, .say four times these amounts. 

Ihe ratio existing betwetm the organic carbon and nitrogen is 
uext taken into account, and this is supposed to aflord considerable 
evidence as to the kind of pollution the water has liecn subjected 
When the jiollution has been of vegetable origin the ratio of 
organic carbon to nitrogen is high, about 8:1, or even higher, as 
analysis of the pure lake w'ater just given, 
mn, on the other liviml, the organic matter has been derived 

Ph i^urther details of the process, " Water Analysis,’’ by E. Frankland, 

may be consulted. ^ J 



WATER. 


from animal sources, the ratio of carhoii to nitrogen is relatively 
low, 3 : I, or even less, as is cxcmplilied in the case of the polluted 
well water given in the table. 

The original ratio existing between the organic carbon and 
nitrogen of a water is often considerably modi lied by processes 
which the water is subjected to after having received the actual 
contaniination ; such, for instance, as exposure to the air, in tlia 
case oi the water of lakes, streams, or rivers. The organic matter 
then sulFers gradual oxidation, but as its carbon is oxidised away 
at a more rapid rate than its nitrogen, the ratio previously existin;^ 
between the two is gradually altered. When an impure water 
tilters through a porous soil, a considerable qiuintity of the nitrogen 
of its organic matter is invariably converted into nitrates by tlie 
agency of the nitrifying bacteria i»resent in the soil ; and in this 
case, as the carbon is little alfected, its quantity remains practically 
the same. Consequently a disturbance of the C to N ratio takes 
place, but in the opposite direction to that just described. 

In the case of waters from si)rings and deci) wells, owing to tin; 
thick strata which tlu'se Avaters pass through, the greater part of 
the inorganic matter is fully oxidised; the amount of organic 
carbon remaining ranges from 0.02 to o.i p(;r 100,000 parts, the 
average for deep wadis being about 0.6 part carbon and 0.02 part 
nitrogen. In such waters tlui C to N ratio may vary from 2 : i 
to 0 : I, and probably it is here (hjtenniiied moia; by the extent t" 
w’hich oxidation has taken place than by the original nature of the 
organic matter. 

Previous Sewage or Animal Contamination. — This expression 
Avas inventt'il hy Frankland as a imniiis of forming some conclusion 
as to the amount of the organic contamination to Avhich a Avatei 
had been subjected during some portion of its history, Avlien the 
contaminating substances had been eonvertod into hariiih'ss bodies. 
It is obtaiiUMl by adding togother the total nitrogen of the nitrites, 
nitrates, and the ammonia, and deducting from the qiiiuitity so 
o])taincd an aim.umt of nitrogen e(|uivalent to the average quantity 
of ammonia found in rain Avater. The remainder is then conyerted 
into parts of sew.ago, on the assunq>tioii that seAvage contains 10 
part.s of nitrogrii per 100,000 parts. Thus, if the total nitrogen 
of the nitrite.s, nitrate.s, and ammonia of a polluted Avatcr wa> 
found to be 2.151 parts per 100,000, from this is dednctetl 0.032 
part nitrogen (the average amount found in rain Avater), when 
2. 1 19 i.s left, and the “previous seAvago contamination” is foiun 
by the following proportion sum : — 


Parts of sewage. 


21,190 

Previous sewasre 

contaiuliiati"ii. 


Objections Raised to the Prankland Process.— 

tions have been taken to this process, with regard to its wan e 
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accuracy,- its tcdiousncss, and to tlie cumbersome and costly appa- 
ratus required for its performance. 

The Albuminoid Ammonia Process of Wanklyn. — This process 
is the one most frequently used at present for the determination 
of the organic matter in water; it is easily performed, and does 
not require the use of any special apparatus beyond that found 
in every laboratory. In the determination a certain amount 
of water is taken (generally half a litre), placed in a retort con- 
nected with a Liebig’s condenser, a portion distilled oft', and the 
amount of ammonia contained in the distillate ascertained l)y 
Nessler’s reagent ; this quantity is registered as free ammonia, as 
iti Frankland’s process. A strongly caustic alkaline solution of 
potassium permanganate (previously well boiled) is then added to 
the water remaining in the retort, the whole again submitted to 
distillation, and the ammonia estimated in successive portions 
(50 cubic centiimdres each) of the distillate. The amounts of 
ammonia found in the several portions of the distillate are added 
together, and the quantity thus hmnd returned as albuminoid 
ammonia. Tims, Wanklyn endeavours to determine the amount 
of organic nitrogen contained in a water by converting it into 
ammonia and estimating it as such. In judging of a water by this 
process, Wanklyn states that a water for domestic juirposes should 
not contain more than 0.002 part of free ammonia and 0.005 
of albuminoid ammonia per 100,000 jiarts. For brewing waters 
these limits may be considerably exceeded, but, as a general rule, 
neither the free nor the all)uminoid ammonia should, either of 
them, exceed 0.0 1 part per 100,000. 

Some idea as to the nature of the organic contamination of a 
water — that is, as to whether it is of animal or vegetable origin 
—is obtained by noting the rapidity w'itli which the nitrogen is 
converted into ammonia under the influence of the alkaline per- 
manganate. In those cases where the organic matter is of animal 
origin this takes place ra[)idly, and the first 50 c.c. of the dis- 
tillate contain nearly the wlnde of the ammonia ; in those where 
it is of vegetable origin, the successive juntions of the distillate 
contain ammonia in proportions more nearly alike, the .second 
portion of the distillate containing an amount of ammonia but 
slightly less than the first one, and so on with the third and follow- 
ing })ortions. 

Objections to the Wanklyn Process. — It has bemi urged 
against tins proce.ss that the total amount of the nitrogen of the 
organic matter of the water is never obtained as ammonia, and 
this is undoiihtedly true. In some comparative exjHU’iments made 
Oil the same waters by the two proce.s.sps, Dr. Kill found that the 
ratio of the nitrogen found by the Frankland method to that of 
die ammonia yielded by the Wanklyn method varied from 15:1 to 
4:1. Ill a series of experiments where vari<ms nitrogenous organic 
odics were submitted to tlio Wanklyn process, it was found that 
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some of tliein gave up the whole of their nitrogen as ammnnia^ 
others two-thirds, some one-fourth, some very little, and others, 
amongst which urea is a notable example, yielded none whatever. 
In spite of this, Dr. Cornelius Fox^ states that on comparing tlie 
detiuls of tlie results of ninety-nine analyses ol)tained hy both 
processes, only in one insbuice was there a distinct conflict of 
opinion as to the (piality <if the water, and this divergtmce was 
readily exjflicable. Experience has taught that the indications of 
the Wanklyn process, when taken in conjunction with the other 
details of a water analysis, are capable of yielding much useful 
information, and the extensive practical apj)lic:\tion which the 
process has met with also points to the same conclusion. 

Determination of the Organic Matter in a Water by the 
Quantity of Oxygen Required to Completely Oxidise it. This 
process, wliiclr was originally inventeil l>y Eorcliammer, has re- 
ceived various moditications at the hands of other analysts, amongst 
these the late Dr. I'idy, who proposed the modification that 
is generally used in this country. A measured (piantity of the 
water is first aci<lified with sulphuric acid, and a known quantity 
of |)<itas.siuni permanganate in solution added. The mixture is 
alIow(Ml to stand for several hours (generiilly three), at the end of 
wliicli time the amount of undecomposed ])otassium permanganate 
remaining in the water is estimated. In most cases a certain 
amount will have disappeared, having been destroyed in oxidising 
the organic matter, and this amount, stated in terms of the 
quantity of oxygen which it w’oid<l yield up under the conditions 
of the experiment, is returned in the results of the analysis as 
“oxygen required to oxidise the organic matter.” Its (luantity 
in a water for domestic pur|)Oses should not (‘xceed 0.05 part 
per 100,000 parts, hut may probably he allowed to rise as high as 
0.25 in a water use<l fr)r brewing purpos»*s. 

Nitric Acid Existing as Nitrates. — There are several methods 
of estimating nitric; acid in w'ater, all of which are ocpially ndialde. 
There are two ways of stating the quantity of nitric acid found 
in analysis, as “nitric acid” (r<‘ally nitric anhydride; N./l;,), 
a.s “nitrogen existing as nitrat<‘s.” It must Ix^ borne in iniml 
that when stated in the forimw imdhod the same amount will 
appear much larger than when stated in the latter way ; tlx; 
ratio Uctween the two is 14 to 54; eonse.(|uently, nitrogen 
nitrates < 3.86 “ nitric acid, and nitric acid 3.86 = nitrogcui as 
nitrates. Pure waters from diflerent sources contain various 
amounts of nitrogen a.s nitrates ; spring water contains 011 an 
average 0.2 grain per gallon, river wat(*r about o. 1 5, while that fruiu 
wells in the chalk often contain from 0.6 to 0. 7 grain per gallon, hj 
a water for domestic ])ur|K)se.s the nitrogen thus combined shoul' 
not exceed 0,5 grain |)er gai.»>n ; hut for brewing waters it may 
allowed to rise to 1.5 grain per gallon, and waters containing 
* “Sanitary Examinations of Water, Air, .and Food,” p. 
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Iiuich as 2.5 f^rains per gallon are known which produce excellent 
beers, but with these latter amounts the water must be organically 
pure in otlier respects. Nitrates in excessive amount cause rapid 
weakening of the yea4. 

Nitrogen Existing in a Water as Nitrites.— The nitrogen 
existing in a water in this condition can be accurately estimated 
by several i)roce-sses. Nitrites, when present, should always be. 
looked upon with the greatest suspicion, as. in the vast majority 
of cases, they indicate that organic matter is obtaining access to 
the water of a well in quantities beyond those which the adjacent 
soil, acting in its capacity as a natural liltering bed, can convert 
into the more harmless nitrates. If the filtering powers of a soil 
under such conditions shouhl become a little more taxed, then 
organic matter in its most objectionable form will olitain entrance 
to the well. Moreover, it has been shown by Laurent that nitrous 
acid, when set free from any of its .salts liy an acid in the ferment- 
ing wort, exerts a very prejudicial ellect on the yeast, and as all 
worts contain a certain amount of free acid, there is a great 
jirobability that this result will take ])lace in the fermenting vat 
when a water containing nitrites is emi)loyed. 

Chlorine Viewed from an Organic Standpoint.— As has been 
stated before, the pr(‘sence of chlorides in fairly large amount are, 
in many cases, decidedly benelicial in a brewing water. When, 
however, the other indications of the water point to ‘the chlorides 
being derived from sewage, an excess of these salts must be re- 
garded from an entirely dillerent jioint of view. G(Mh 1 natural 
waters contain from 0.7 to 1.5 grain of chlorine per gallon; those from 
the greemsand often contain as much as 5 or 6 grains per gallon ; 
while in the neighbourhood of the sea, well waters may contain 
still larger amounts of chlorine without its being an indication of 
organic pollution. ( )ne of the best guides as to the significance 
of the amount of chlorine in a water is to compare it with the 
quantities contained by waU*r.s in the .same district which are 
known to be unjiolluted. 

Phosphoric Acid. — This acid, which exists in combination 
with some one or other of the bases present in nearly every 
water, is, as a ruh‘, met with only in trace.s. Its amount is seldom 
estimated quantitatively, unless for some special rea.son ; the pre- 
cipitate produced on the addition of a small quantity of ammonium 
molybdate and nitric acid to a water residue is noted ; and the 
quantity estimated in this way is returned as “minute traces,” 
‘traces,” or “heavy traces.” The presence of phosphoric acid, in 
uuy thing but the smallest traces, may generally be reganled as an 
uulication of pollution with organic matter of animal origin, sinct^ 
idl animal excreta contain an abundance of phosphoric aciil. 

Behaviour of Water Residues on Ignition.— In every water 
analysis it is usual to estimate the total solids of the water, in 
order to obtain a check on the other results of the analysis. For 
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this purpose a measured quantity of the water is evaporated to 
dryness in a jdatinum dish over the water-bath, the residue dried 
in a hot air-batli at i8o" C., and weighed. A perhjct agreement 
between the amount thus obtained and the sum of the respective 
quantities of the bases and acids, determined separately in the 
analysis, is never obtained ; because, during the eva])oration of 
the water, the magnesium chloride partially loses chlorine and 
becomes converted into a basic salt ; the silica displaces some of 
the carbon dioxide of the carlx)natcs; the last traces of moisture 
are exjielled from the magnesium carbonate with great difliculty ; 
and this salt, though it is recorded in the results of the analysis as 
the neutral carbonate, is really left in the residue in the form of 
basic magnesium carbonate. More or less organic matter is always 
present in a water residue, and the weight of this is never subse- 
quently determined with any apj»roach to accuracy ; nor is any 
notice taken of the ellect which the ammonia compounds may 
exercise on the other constituents of the water residue. In ord(‘r 
to overcome this difliculty, Freseniiis ^ directs that all the .salts in 
the water residue shall be converted into sulphates. I fining the 
process of ignition after the aildition of the sulphuric acid, all the 
organic matter is destroyed and remove<l. The separate bases, 
as obtained in the detaihal analysis, when calculated into their 
res[)«*ctive sulphates, ought to add up to an amount closely ai^uee- 
ing with the quantity obtained by tneiting the water residue with 
sulphuric acid in this manner. 

It was customary in the olden <lays to ignite a water residue, 
cool, and again weigh, and as the loss in weight was then considered 
to be entirely due to the organic matter destroyed, it was taken as 
the ni(‘asure of it. Afterwards it was found that the ciirbonates 
lost more or less of their carbon dioxide during the ignition, and 
this was replaced by treating the residue with ammonium carbonate 
solution, evaporating to dryness, and then igniting again very 
gently. Ihit, even when these juecaiitions are taken, no reliable 
result can lie obtained in this way, for we do not know the exact 
state in which the magnesia salts are hdt hehind in a water 
residue after evaporation ami ignition; also, a further <juantity 
of carhon dioxide is driven out h’om some of the carbonates by 
the silica, and as this latter acid comhines with the ha.se, that 
pfirtion of the liase so unite<l is not re-carhonated on treatment 
with ammonium carhonati; .solution. Though no information et 
value can he ohtainetl hy estimating the loss which a water residue 
.suffers on ignition, .something may ho haanied from its iKdiaviuur 
under tlie.se circumstances. In those ca.ses in which a water is 
free from, or contains men; traces of, organic matter, the resnlm 
when ignited suffers no liiscoloralion ; when the organic niattci is 
in a .somewhat higher amount, a transient browning takes jdacc , 
this soon passes away, ami leaves the residue cither white or 
^ Anleitunfj z. Qunyit. Chem. Anal., 6th edition, p. 165* 
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slightly yellow. When a still higher amount of organic matter 
is present the residue blackens, and the application of a much 
liigher degree of licat is required to remove the discoloration tlian 
in the previous case. When the residue contains much organic 
matter, intense blackening takes place on the application of heat, 
which is removed only on prolonged ignition, and even then witli 
the greatest difficulty. Under sucli circumstances, and when the 
organic matter is of animal origin, an odour like that of burning 
feathers may often be perceived. In the residues of very b:id 
Avaters which contain an abundance of nitrates, small sparks are 
sometimes seen, owing to minute deilagrations taking place between 
tlie nitrates and the organic matter ])resent ; occasionally red 
fumes are evolved. At times a smell of sulphurous ;icid is 
detected, and this points to tln^ presence of sulphur comi)()unds 
in the water. According to the late Profe.ssor Parkes, “three 
grains per gallon of either vegetable or animal organic matter 
cause some blackening, six grains per gallon a good deal, and 
ten grains per gallon a great amount,’’ in Avaler residues on 
ignition. The residues of peaty waters often Idacken considerably 
on ignition, but this by its(*lf is an indication of no importance, 
as the organic matter here is of a vegetable nature. 

Heisch’s Sugar Test— This test was origin;dly proposed by the 
late Mr. Keisch as a means of ascertaining tl»e presence of sewage 
in water. It is perforni(‘d by filling a pi*rfeet]y clean stojipered 
huttle of about live ounces capacity Avith the water under examina- 
tion, and adding thereto one gramme of the juirest cane sugar. The 
stopper having been accurately adjustial .so as to exclude atmospheric 
air, the Avholc is kept, exp<Ksed to the light, at a tenqau'ature of 70“ F. 
for several days, the sample being inspected at intervals. In the 
event of the water being iinjuin*. small bodies Avill 1 h; seen lloating 
about in it at the end of twenty-four hours, Avhieh, when examined 
nnder the mi(!ro.scope, are seen to consist of cells Avitli very brilliant 
nuclei. These cells afterwards unite into groiqis which resemble 
bunches of grapes. Pad w’aters turn opalescent ami milky, and in 
very had cases the odour of butyric acid is <h‘veloped. A similar 
experiment is conducted Avith another portion of the Avater after 
it has been well lioiled, as some waters, espi'cially those which 
<'"ntain carhonates, lo.se the poAver of forming these organisms on 
|'‘hling ; and thi.s is the most inqiortant point to the brcAver, for he 
is always able to boil his Avater before using it. Should no change 
take place in three days in a AA'ater subjectctl to this test after 
it'iiig boiled, though it may have res[K)ndcd to the test in the un- 
ioned state, such a wabn* may be used Avith impunity, i>roviding 
Vof 'vays organically pure ; but if a marked action .‘^hoAvs 
1 self at or before the end of three days, the AA’ater should be regarded 
'^'^^picion. ^lucli ditference of opinion has been exj)re.s.‘<ed by 
Co ^^^‘^^rvers as to the value of thi.s test. Dr. Frankland 
^^iisiUers that the formation of tliese peculiar luxlies is merely 



S 92 WATER. 

an indication of the presence of phosphates in a water ; INfessis. 
Matthews and Lott view the matter somowliat differently. AVhilst 
confirming to a certain extent the views of Frankland, they state 
that butyric fermentation takes place only in those waters which 
contain an abundance of phosphates, and' in such cases the rest of 
the results of the analyses invariably show that such waters havi- 
been contaminated. Matthews^ considers that the reason why 
some waters do not respond to this test after boiling, which they 
did before, is to be attributed to the precipitation of the phosphates 
caused by tlie exptilsion of carbon dioxide wducli takes place on 
boiling ; for the addition of a mere trace of phosphates to siith 
waters again starts the process, and this serves to show that the 
organisms are not destroyed on boiling. He fouml that such a 
substance as egg-albumin, which contains ])hosj)horus in a state of 
organic combination, mixed with sugar, forms a better fotxl for 
bacteria than one com|tosed of mineral phosphates and sugar; and 
that a water to whicli albumin has been added, and which has 
been subsequently boiled and filtered, is capalde of supporting the 
growth of bacterial organisms. He considers, therefore, that if a 
water containing calcium and magnesium carbonates responds to 
the Heisch test after being l)oiled, it may be presumed that such a 
water contains organic matter of an albuminoid nature. 

Microscopic Examination of the Sediment of a Water.— 
An examination of this kind, taken in conjunction with the 
chemical analysis of a water, is often of a.ssistance in forming an 
opinion as to its vahu' from an organic i)oint of vi(‘w. For this 
purpose a fairly large quantity of the water .should be allowed to 
stand for some time (say twenty-four hours) in a covered conical 
ve.ssel ; a portion of the sediment is then removed by means of 
a pi|)ette,- transferred to a glass slip, and examined under the 
micro.scope. The deposit generally consists of earthy particles, 
such a.s jK^rtions of sand, clay, Ac., vegetable and animal organisms, 
portions of decaying vegetable matter, animal matteis in a process 
of decay, .such a.s the portions of tbe dead bodies of insects. These 
.sul)stance8 are found in most Avaters. Amongst the vegetable 
matters whicli afford indications of j)ollutioii are sncli substances 
us the fibres of linen, heinj), cotton, Ac. ; amongst animal matters 
such olqects as fibres of silk, wool, human hair, hair of other 
animals,, epillielial scales, decaying muscular fibre, fragments of 
feathers, Ac. 

Tlie mineral portion of the .sediment may he neglected, ns it 
affords no evidence of contamination. iMany vegetable and animal 
organi.sni8 are met Avith in juire waters, .some in running streams, 
others in still Avater ; and their presence, Avhen existing in coni- 
paratively small nuinliftrs, is of no serious imjiort, though it 

‘ Brewer t' Guardian, p. 509. 

Or the ingeiiiouM nn'cro-tiltcr of W. J. Dibdin may be employed. 
description, see The Anahj»t, vol. xxi. p. 3. 
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always an. indication of tlio existence of more or Ios.s ornanie 
matter m the water, as evidently snch organi.sms cannot exi.st 
without food. Amongst the harmless species may he placed the 
AZi/ffi and Diatomam^, Kiyhim, Hydroma, and the larger animal' 
forms, such as the water-liea, Ac. Racteria, when occurring in 
large quantities, and especially when these belong to manv dif- 
ferent species, are of ill-oinen, and this aiiplics also to such forms 
as the likizopoda, Ammlrr, Ac. Vihrioner and Sinrilla also indi'- 
cate the presence of organic matter in a state of putrefaction Tln‘ 
liresence of fungi is also undesirable. Hut the iiio.st objectimiable' 
matters are those winch point most conclusively to a water havim. 
been subjected to direct pollution, such as cells of the potat " 
spiral R.ssue from cabbage anil other vegetables ii.sed for food’ 
epithehal scales, portions of mu.sciilar fibre, and other debris of 
vegetable and animal origind 

The detection of the.se vai-ioiis objects found in water rcp.ires 
a coiisidonible amount of skill in the use of the micro.scope, which 
can only be acquired by long practice. Their examination is 
limvever, an extremely interesting and fascinating study, and one 
which can be recommended as an excellent means of educatin« 
the eye of the observer, ami enabling him to form a keen discrimf- 
iiation 111 the imn and size of objects wlien viewed through the 
microscope. The water from almost any pond or ditch will be 
foiiiid, es|,ecmlly during the hotter months of the year, to contain 
liiK.Toscopic orgaiiism.s in almiidauoo. 

F,!'*'’ c "‘"''.v. '■ A (bii.le tr. the Micmwopical 
f.sanimation of Drinking Water." by Dr. MuclenaW (Clmrchilll which 

rnSr '"""Iwr of tlie nrgani.ons anj sutta ic« 

"Mially met vvitl, in water, will be found extremely u.^eful. 
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Barley. — Though a number of the seeds of the various species 
of tlie (rraminem or grasses liave been at times used for the purjwse 
(if mailing, barley has been found, from an experience of inauy 
tliousands of years, to be the grain best adapted for yielding a 
malt possessing to the fullest extent those projierties which arc 
necessary for the ])roductioii (d good beer. It se(uns, also, tlu; 
grain most naturally ada})ted for malting, for it sutlers less 
injury in the process than any other corn. Of barley tlicrc 
are a great number of varieties, some of which have proved 
themselves by long use to be particularly adaiited for hrmviia^ 
jiurposes, as, for instama*, tin* vari(“ty known as “ Clu'valicr,” 
called from the clergyman of that name who originated it ly 
careful selection and cultivation. Ikirh'ys are often spoken of as 
six-rowed, fo\ir-rowed, or two-rowed ; in the iirst of these vari(!tii's 
there are three rows of spikelets on eacli side of the car, emli 
spikelet of which b(‘ars a fertile llower. Consecpiently, when riiic, 
there are six rows of barley-corns on ea<'h ear. In the four-roved 
variety the middle rows of sjiikeh^ts on each side of the ear are iilioi- 
tive — that is, produce no seeds; con.s(-‘<juently in an ear of this variety 
there are four rows of barley-corns. In tin; two-rowed kind oidy 
tlie central rows on each side, arc fertile; consecpiently only two 
rows of corns are ])roduced. Tlie, “ Clnwalier’’ Ixdongs to this la>t 
type, and, since there are considt*rahly fewer corns on each eai' 
than in the other varieties, a much Ix-tter chance for luxurious 
dev(do|)ment is afforded them. The corns from the six- and foiii- 
rowed varieties may lie distinguished hy a p(‘cnliar curving of tk' 
furrow, wliich charaebu’ises all the corns of the. four-rowed vaii'd}) 
and also those of the outside rows of the six-rowed harley. dhc 
malting harleys are tliose grown on light, wainn, friable soils; bjd 
fine Ixirleys can also he pro<iuced on rich, loamy, well-drained 
On the other hand, good malting harh*y is randy, if e.vcr, yicldo 


hy stiff, lieavy, cold, clayey land. 

Parley is much influenced hy the season. Continued 
weatlier, e.specially during the period of ri[)ening, lias a 
prejudicial effect u]>on tlie harh‘y eroj) ; so much so that, 
extreme ca-ses, it is impossible to convert the Viarley grown 
such seasons into goo<l malt. Until comparatively late >'‘‘‘’'’^‘1^ 
the malt used in this country for brewing purposes was in^ 
from liome-grown barley ; now mucli is imported from micip 
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countries, as, owing to the more regular climatic conditions, the 
barleys there grown are more uniform in character. * 

Choicd of Barloy for Malting. — As barl(;y is almost invariably 
bought in the open market, the purchaser has to rely on certain 
external signs, the knowledge of which can only be acipiircd 
by actual experience in tlui handling of samples. The following 
characteristics may be of some little use in starting, but long 
experience alone will make a person a good judge as to the quality 
of barley. 

Vitality.— One of the most essential conditions of good barley 
Js vitality; obviously, if barley will not grow, it is impossible to 
convert it into malt. Shoubl, in a particular sample, anything 
but an extremely small percentage of thti grains be incapjable of 
germinating, good malt cannot be made from it, for all ungermi- 
nated corns rei)resent merely so mmdi raw ])arley in the finished 
malt, ami they, moreover, form ])reeding-groumis h)r mould diirim^ 
the malting process. Defective vitality may arise from under- or 
over-ripeness, incipient germination in the (mr owing to a wet 
harvest, death of the germ through heating in the stack, or iin- 
l)ropei storage, the attacks of V(‘rmin and insects, or danmge to the 
grain in the thresliing. Harley rai)idly loses its vitality in storage, 
and especially so if stored in a damp condition. Under the best 
eircum.stances it sliould not la* used for malting purposes when 
niore than two years old. Harley, especially that" which has never 
been stacked, improves in vitality wlien stored under favourable 
conditions for a few months. This i.s, doulitless, owing to the 
gradual <lrying which takes place, for it has b.*(‘n shown by Hrown 
and Morris that barley will not germinate until it has attained a 
certain tb'gree of dryness. 

Ycv/.',- /or Vitality, - most certain test for vitality is 
actually to grow a sample of the barley, but as this takes time, 
It is of no assistance to the. ]mrchaser in the open market. The 
germination test may be applied in several way.s. A hundred to 
VO limuired corns, tak«ui promiscuously from the sample Avithout 
■ ly picking or choosing, are plact'd betwemi two layers of ilanncl 
I'll a plate <>i_dish, and the Avhole covered with water for twenty- 
_ r lours The water i.s then poured oil*, tin* dish and its contents 
kept at a temperature of 50" V., when, in from forty to fifty 
to obif which arc capable of germinating Avill liegin 

end f fi protuberance will show itself at tliat 

liave V.. 'vhere the germ is situated. Contri\ 'ances 

which fv'i' effecting experimental germination, of 

whirl. ; -1 Kormination api>aratus is a good example, and 
'1 coiLsti^.r ciuisi.sts of a glass vessel with 

I'liu <'ihout inch from the top, on which rests a })orce- 

corii of perforations. Into each of the.se a 

'ippaintn downwards. The 
IS nearly filled Avith water, the plate inserted, a small 
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quantity of moist sand placed around the barley, and a wooden 
cover, which lias its under side covered with a layer of felt, placed 
over the sand. A small thermometer attached to the lid serves to 
indicate the temperature at which the experiment is being con- 
ducted. The number of sluggish and dead corns can be seen at a 
glance, and if the germination be allowed to proceed for a few days, 
the relative degrees of vitality of the 
different corns can bo readily estimated. 

When a large number of samples of 
barley have to be te.sted, the apparatus 
of Aubry ^ is extremely convenient. 
It consists of a cubical chamber about 
10 inches each way, constructed of 
sheet metal, and provided with doors 
in front and behind. On either .siilc 
of its interior are attached a nuiubei 
of strip.s of sheet metal alumt half an 
inch wide, ami fixiid at a .similar dis- 
tance from each other ; the.se S(*rve as 
sujiports to the glass plate.s on which 
the barley is gm'ininated. The top and 
bottom of the apparatus are })erforated 
witli a few .small hole.s, to admit the 
quantity of air nece.ssiiry for the growth 
of the liarley, but not more l^aii 
this, or too free evaporation will t^kc 
place. Ka( li of the glass jflates is 
loadetl with 500 corns, whi< h are either 
simply counted or computed with such 
an apjiaratus as that of Westfelt. 
These are stee]>ed in water for si.\ 
hours at tlie ordinary temperature. A 
pi(;ee of danq) blotting-paper the size 
nf the plate is first attached to it. 
then tlie barley is spread evenly on 
the paper in an even layer. It 
next covere»l with two similar shech 
of blotting-paper, which arc afterwaK -' 
moi.stened with a damp sponge, irn 
the jdatc and its contents arc placed in the apparatus. Ihe g 
plate.s, wliich form a .scwics of shelves, are withdrawn peiior^'^ 
cally for examination, and the manner in which the barley 
noted. Tin; figures tlni.s obtained arc converted into perecn ap 
by d i V id i ng by f i ve. ^ ^ 

In examining a .samjde of barley in the open market, many 
condition.s whicli prcnluce a want of vitality can be dcternimjH 
experienced hanil, though some of them are so extremely 1 1 
» ZeiLf. Bran., 1885, p. 77 - 



Fig, 60.— CoMewe fl Oenniiiatlng 
Apparatus. 

a. apparatus with water; h. per- 
f(, rated plate; c. felt cover 
over saiuJ. 
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detect, that they can hardly be discovered in any other way than by 
the gerniination test. Corns damaged by vermin or insects can be 
readily detected, as can also tlie signs of incii)ient germination ; 
the acrospire will be slightly developed, and the germ end of the 
sprouted grain have become soft and friable. In extrenie eases 
rootlets protrude. On dividing a corn with a sharj) knife through 
tlie furrow, and examining tlie divided germ with the aid of a 
magnifying glass, this should have, acconling to Slopes, “ a juicy, 
fairly linn, yellow appearance, very closely resembling in consis- 
tency and colour good, linn, freshly churned grass butter, or have 
a greenish-yellow colour very like wax.” If grey, its vitality is 
low; if reddish-brown, dark, or dried and shrivelled, it is dead, 
llabcrland has proposed a test for vitality which con.sists in placing 
a drop of strong sulphuric acid on tlie germ and observing its 
action. Healthy, vigorous gerims quickly a.ssume a fair rosy "tint, 
feeble germs become brown, dead ones black. 

Vegetative Energy and Vegetative Capacity.— The former 
of these expressions is used to denote the percentage of grains in 
a sample of barley which, when placed under favourable' conditions 
for gerniination, vegetate within a definite time; this, at the 
ordinary teinperature, is generally taken as three days. By the 
latter term is expre.ssed the percentage number which are found 
capable of germinating irrespective of time. In a good .sample 
of barley the vegetative energy should be not le.ss than 90 jier 
cent., and the capacity not lieluw 95 per cent. The more closely 
these two characters correspond the better, sinci' any considerable 
vKriati^m indicates that such a .sample would grow irregularly on 
the floor. 

Ag6. The vitality of barley seems to improve for several 
months after it has been harvested, and then to slowly decline ; 
so much i.s this the case, that it is unsafe to malt barleys which 
are more than two seasons old. Lots which have been stored in 
a damp condition suffer most in ibis resjiect. 

Condition of Endosperm,— AVben a grain of barley is bitten 
cut in two, the contents of the endosperms, in samples which 
are capable of being converted into good malt, are of a white and 
nable oj- mealy nature. Exce.ssive hardne.'^s or any variation in 
colour from white are indications that such .samples will require 
l^pccial care in malting. Grain which is very resistant to the 
• c, and the fracture of which has a vitreous a[)pearance, can 
never be eonverted into .sn])erior malt. As nearly all malts 
|ontam a certain proportion of corns of these two latt(‘r classes, 
well to ascertain the respective numbers of each variety in a 
‘ mn])le and value it accordingly. Thi.s can readily be done with 
will ^ “ furinatoim's,’' which cut through 50 or 100 corns 
stroke of the knife. It has been found that light will 
this hut not through mealy barley-corns, nnd upon 

iict there has been founded a method of discriminating 
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between the two. The distinction is so sharp that the nioaly 
portions can be detected in corns which are partially glassy. 
Several appliances have been constructed for carrying out this 
test, one of the simplest of which is that of Yogel (Fig. 61). p 
consists of a quadrangular box made of sheet metal, in the interior 
of which there is a petroleum lamp. The roof of the apparatus 
is provided with a number of slits, into each of which a harley- 
corn is placed. The quality of their contents is adjudgfd from 
their relative transparency. In an examination of barley, by cither 
the farinatome or the transparency test, it is usual to operate on 
500 corns. These are divided into three classes — lloury, vitreoii.s, 
and semi-vitreous. The numbers thus obtained divided by live 
give the respective percentages of the dilTerent classes. 

Coldness. — A sample of l)arlcy when handled should not feel 
cold to the hand, for this is a sign that it is either damp, or 
immature, or has not been sufliciciilly 
sweated in stack. Damp barley stores 
badly ; it is liable to become mouldy, ami 
to rapidly lose its vitality. In addition 
to tins, in buying barley which contains 
an excess of water by weight, the price 
of barley is paid for this excess of ^vater. 
Dampness in the sample which is good in 
other resi)ects may be removed by sweat- 
ing_that is, drying it for several liours on 
the kiln at a low temi)erature. 

Maturity. — Barley should mdtlicr 1" 
under- nor over-rip<‘, for in either of tln.st 
conditions it grows h:idly. Immature corn 
feels cobl to the haml, has a sickly groeiiish 



Fio.Oj.— Voufl'H App-iratm (,r gre(‘nish-yclIow colour, and, when di'}, 
a slarv.,l, wrinkle,! npi,..aranc,.. < Iv-J' 
rip(mess in barley is distinguislied \Mtii 
difficulty; the skin of such c(»rn ha.s often a dead whih; appeijr- 
aiico, hut little (liilerence can he delected in the condition 01 ti' 
endosperm. The d«-gree of ease with which a mimher of corns 
slip through the lingers affords some slight insight into the m j j' 
rity of a sample ; mature and dry grain slips through more reaUi} 


than unripe or damp. , . , , i i.OpIv 

Mouldiness.— It is hardly possible to obtain barley aOsoiia .) 
free from mould, l>ut it .sliould be as nearly so as possible, u 
more it is contaminated in this way, the more liable it is to icco 


excessively mouldy during the malting proce.ss. . 

Damaged Corn. — Barley may he so damaged as to Ini'c 
vitality de.stroyed in siiveral ways. When in store it 
attacked by vermin ami iii.sccts wliich partially and totally ' - 
a number of corns. In careles.s threshing or dressing nn^ny 
may be damaged by being cut in pieces, having tlicn 
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partially stripped olT, or portions of the corn removed along with 
the awn. All corns damaged in this way, as well as dead corns, 
invariably become mouldy during the malting process, and form 
centres of contagion from wliich mouldiness spreads to the rest 
of the barley on the floor. 

Odour. — Only sweet barley, that is, barley possessing no objec- 
tionable odour, will yield first-class malt. Corn having a mouldy, 
fusty, or other o))jectionable smell is a highly undesirable article, 
barley which is free from the defects previously enumerated, and 
which possesses the good qualities indicated, is fitted for the 
production of first-class malt; hut in addition to these qualities, 
there are others wliich, if not absolutely indispensable, arc highly 
desirable. 

Size. — This may he considered from two points of view — that 
of absolute size of tlie individual grains, and the relative size of 
the grains to one another. ( lliviously, if each corn wore a perfect 
sphere, such a form would allow of tlie largest jiroportion of con- 
tents to husk ; consequently, the fatter ami plumper the grains 
are, or the nearer they approacli this figure in form, the larger the 
proportion of contents to husk. As it is the contents alone wliich 
yield extract, the jilunqxu’ the grains, other conditions being equal, 
the iiioro extract will a given weight yield. The more uniform 
the individual grains are in size, the more regularly they grow ; 
hence the value of grading where consideralde difierencc exists in 
tlie size of the individual corns. 

Weight. — Ilarleys vary much in weight per bushel, lieavy 
samples weighing as much as 56 l)>s. per buslud, light oiu's not 
more than 50 ll)s. Much importance was formerly attached to 
the weight per ))ushel ; but, providing the more essential charac- 
ters are present, viz., vitality, friability, <Vc., liglit barleys will 
yield equally good malt. This is especially tin; case with the thin 
foreign barleys, the malt from which yicMs sound worts, especially 
distinguished by rapid clarification of the resulting beers. The 
Aveight per bushel of barley is gcmu’ally ascertained by R('>mc form 
of instrument called a “cliondrometer,’’ Avhich consists of a small 
balance provided with a small measure, a funnel for filling, and a 
strike. The measure, is filled by means of the funnel with a fair 
average sample of tlie bulk, from which the coarser impurities, 
such as stones, have been removed. The surface is levelled with 
the strike, and the weight ascertained. The weights hear the 
Same proportion to the measure as pounds do to the bushel, 
therefore the Aveight in ])ouiids per l)ushel is read off directly. 

Uniformity. — As diircrcnt-sizevl corns, when steeped, are not 
evenly Avetted, they consequently germinate irregularly ; in a first- 
rate sample of barley the individual corns should ho pretty much 
? l-uo same size. Tliis is a difliciilty which can bo readily got oA'er 
y grading the barley with one of the numerons maciunes eon- 
^ ructed for this purpose ; and as no sample of barley is perfectly 
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uniform in size, it is advisable to grade all barley before proceedinir 
to work it. 

Colour. — Barley should be of a light straw-yellow colour ; u 
greenish tint indicates unripeness, too })ale a colour over-ripeness. 
The tips should have the same colour as the skin ; dark or black 
tips are a sign of heating in the stack, or that the sam])le luis 
been harvested during wet weather, or that it is old. Such corns 
grow irregularly at best, and have often entirely lost their vitality. 
Sometimes the barley is dried on the kiln, and sulphured to im- 
prove its colour and odour. This treatment with sulphur is very 
objectionable; if the light colour of a sample leads to the sus 
picion that it has been bleacheil in this way, it should be siib- 
mitte<l to a chemical examination, which will reveal the presence 
of traces of sulphuric acid on it. 

Skin. — Good barley should hav(‘ a thin skin, smooth, and 
slightly wrinkled. Thick, harsh, rougii, crinkled skins indicate 
that the barley has been grown on cold heavy land. 


M.tLTINt;. 

The malthou.se consists of a main building two or three storeys 
high, and of a drying kiln, together with stores for barley and 
malt. Malthouses are built in many shapes and sizes ; tlic pre- 
ferable form is that in which the plan of the house is a long 
parallelogram, with the cistern placed at one of its short ends, 
and the kiln at the other. The cistern, which may Ije of brick 
lined with cement, of wood, of lead, or of (‘ast-iron, is generally 
placed in the lowest shney. It is p)rovidetl with a false bottom 
perforated with holes; this, acting as a sieve, allows the water to 
run aw'ay wdiilst retaining the grain. The cistern should have a 
caj)acity of about tw’clve cubic feet for each quarter of barley to be 
steei)ed. In the construction of the floors many materials have 
been u.sed ; the principal requisite ])eing that the floor has a 
smooth, even surface, whicli can b<i readily cleansed and which 
will not ab.s(jrb moisture. Trobaldy well-faced Portland cement 
makes one of the best floors. One hundred and eighty to two 
liun lred square feet of floor space should be provided for every 
(piartcr of barley to be steeped. The uppermost storey is generally 
used as a store-room for the barley, from which it is shot down 
into the cistern at each steeping. After l)eing steeped (and c()uehe( ) 
it is either worked on the lowest floor or removed to the nppci 
ones in baskets. In more modern houses the uppermost stoiey, 
in addition to forming the barley store, also contains the machines 
for cleaning and grading the barley, and the steeping cistern oi 
cdsUirns as w'ell. These are in this case made of iron, the 
portion being constnicte<l in the form of an inverted cone, w nc 
has an outlet valve at its apex. This form of cistern secures co 
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siderably better drainage, and as the barley when steeped is simply 
shot out to the place wliere it is wanted, all damage from shovel- 
ling is avoided. An abundant supply of water should be provided 
for each cistern, and also a drain to take away the steep-water. 
Every cistern should be provided with some arrangement l)y means 
of which the water can be warmed to a slight degree in very cold 
weather. Malting is the lirst and one of the most imj)ortant 
processes antecedent to the actual operation of brewing, and much 
afterwards depends on the way in which it is carried out ; unless 
performed with skill and care, howQver gmod the barley may be, 
if not properly treated in this process, it will never yield malt 
capable of producing lirst-eJass beer. As a rule, it is considered 
much the better plan for the brewer to be Ids own maltster, for 
then he can conduct the malting process without hurry ; whereas 
the maltster who only makes for sale is ratlier inclined to hurry 
the process on, since the mon; malt he can pro<luce during the 
season with his plant the greater his profits will be. This hurried 
method of working has of late years given rise to the manu- 
facture of much malt of an inferior (piality, which has often 
caused serious trouble in the brewery. It is not the privilege of 
every brewer to be able to choose his own malt, but in all cases he 
ought to be allowed to *do so, otherwise he cannot be expected to 
bo held responsible for the results of bis brewing operations. 

Scr66ningf. — Earley, before being steeped, should be screened 
by means of one of the nnmerous macldnes which are in the 
market for this purpose. Tiiese not only rmnove the dust and 
dirt, but also separate the small and broken e(trns, and grade the 
barley into different sizes. This last is a matter of considerable 
importance when a (piantity of l)arley irregular in size has to ))e 
dealt with, for unless the individual corns are pretty e(pml in size, 
some absorb more water than others, and, as a consequence, irregu- 
larity of growth ensues. 

Steeping*. — The barley, after being screened, Ac., is immersed 
in water in the cistern, in order that it may a])sorb an amount of 
that liquid sufficient to arouse its donnant vitality and set inaction 
the train of physiological processess which we collectively include 
under the term “germination.” Tlic amount of water which 
ditlerent samples of i)arley will absorf) in a given time varies mueh 
with their size, condition of skin, Ac. ; consecpiently, a certain 
amount of judgment, only to be arrived at by experience, has to 
be exercised hy the maltster in this operation. About fifty hours 
iiuiy be taken as the average length of time of steeping for English 
barleys, but, as lias just been stated, this will vary much according 
Ju the nature of the barh'y and tin? temperature of the steep-water. 
Eie light Damibian and Odessa barleys require about sixty hours’ 
steep, and the Smyrnas about seventy-two liours. The proper 
quantity of water which should bo absorbed is about 50 per cent, 
u steeping, the barley increases considerably in bulk, one quarter 

2 c 



402 


BARLEY AND MALTING. 


expanding to a volume of from i.i8 to 1.20 quarters. In conduct- 
ing the operation of steeping, it is best to place the proper quantity 
of water into the cistern, and then to run in the barley in a slow 
stream, stirring vigorously all the time. In this way the contact 
of every grain with tlie water is assured^ and any dust or refuse 
which floats on the surface of the w'ater can be removed. 

Change of Steep-Water. — As water dissolves a certain amount 
of organic and mineral matters from the Inirley, and this affords 
a siq^ply of footl for the numerous bacterial organisms wliich 
are always adherent to tlie barley, tlie steep-water sooner or later 
becomes putrid, and re«]uires changing. It is recommended hy a 
very good autlioritv to clninge the water twice during tiie first day 
and once eacli sul)sequent day. Barley should never Vie over- 
steeped or stnlden, as, in such a ca.se, the vitality of some grains 
i.s consideraVily weakened amt that of others completely destroved. 
Deficiency of water can be afterward.s remedied by sprinkling on 
the floor, but it is almost impossible to remedy tlie ill effects of 
over-steeping. Some mall.sters fiml it a<lvantageoiis for preventing 
mould to use lasulphite of lime in the steep-water, at the rate of 
al>out one gallon of the commercial .solution to every thirty (piarters 
of Karley. 

Signs of Proper Steeping.— When a corn of properly-stcepcil 
barley is taken by its ends between the finger and thumh, tlio 
exertion of a certain degree of pressure in squeezing it together 
should cause the skin to leave the grain. If it yields to pressure 
too easily, it i.s over-steeped ; if too rc‘si.stant, it is insuflicieiitly 
stee[»ed. When a grain is cut through with a sharp knife, th*' 
whole contents should apjtear evenly wetted, hut should md he soft 
and milky. It should he pos.sihh; to pa.ss an ordinary s(oving needle 
easily through the grain. 

Temperature of Steep-Water.---This is a jxdnt of consider- 
able inqx^rtance, and one which i.s very often overlooked. Tlie 
sub.seqiient growth of barley is mmdi prejudiced liy being sul)- 
mitted to too low a temperature in the eisteni. The temperature 
.should be l>etween 50'’ and 55’ F., and should never fall below 
the fir.-it of tlie.se figiire.««. On the other hand, a temperature above 
56' F. favours bach-rial actifui, as evinced by the stecjeli'iuor 
rapidly becoming s<air or j>utri<l. 

Quality of Steep- Water— It has iKien a much-d(d)ated fpiestioii 
a-s to wlmtber steep- water should be soft f>r hard ; the foriiici 
extracts more pota.ssiiim pho.sphate, the latter more organic su )- 
stance. An cxce.s.sive fpinntity of sodium chloriile (altove 10 
grains per gallon) is saiil hy Miircker to retard germination and to 
cause an imperfect development of the rootlets, the malt 
finished I)eing deficient in extract and containing a high 
tage of nitrogen ; so also do excessive amounts of calcium 
or magnesium chloride. Ferruginous waters are also uusui a 
The pre.sence of nitraUcs in nnxlerate quantities appear.^ 
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favourable to germination. Prior ^ considers that any fairly piirfi 
water which is free from the above-mentioned salts may be 
used for steeping— preference being given to soft water, or to a 
moderately hard water in which the hardness is due to calcium 
sulphate. 

The Changes which Take Place during Steeping.— During 
this process the grain al)soibs a large amount of water ; its quantity 
has been given Ijy Ford as an average of 47 per cent, on the 
oi'igiiial weight of the grain— that is, 100 lbs. of barley, after 
heiu'^ steeped, and with the surface moisture removed, would 
wei'di 147 lbs. Thausing gives a somewhat higher figure than 
qqs^fiom 50 to 55 per cent, with a barley containing originally 
12 per cent, of moisture ; but the amount varies with each sample* 
of barley, and its condition as to dryness. 8topes“ states that 
20 per cent, of imbibed water is sullicient to start germination, 
and that 30 per cent, is sutlicient to carry some barleys through 
the whole. [)roce^s of malting, though others require 40 per cent., 
and some even more than 50 per cent. The grain also con- 
siderably increa-'cs in Inilk, 100 ])ushels of barley measuring 
from 118 to 120 Vmsbel.s after being steeped. According to 
Holtzner, the water funis its way into the barley partly through 
the liu.sk, but chielly through the apertures at each end of the 
grain, between the bu.sk and the grain ; it thence jiasses by diffu- 
smn from the periphery of the grain to its centre. A certain 
amount of various substances, organic and inorganic, such as cane 
sugar, gum, diasta.se, colouring matters, Ac., as well as a por- 
tion of the mineral constituents, an* di.s.solved out of the barley 
by the steeji-water. The total amount of tlie organic matters 
removed in this way have been e.stimated by various observers at 
from 0.6 to 1.5 {HU’ cent., and alxiut one-tenth of the mineral 
substance is similarly. lost. Tlie quantity so dissolved will vary 
according to the temperature of steeping, the eondition of the 
barley, and the (pialitv of tlio water emjdovod. The amount of 
acid originally pre.sent in the barley is inoreaseil by the formation 
of fixed organic acids. Put trilling quantities of phosphoric acid 
are extracted in this way ; .‘<0 .small are they that the ])ercentage 
of this acid may, owing to the comparatively larger amount of the 
other suh.stances dissolved out, be greater in the steeped barley 
than it was in the original corn. Alxuit one-half of the soluble 
nitrogenous constituents of tin* barley jmsa over into tlie steei>- 
water. Many of the spores of bacterial organisms and of the 
mould fungi, Ac., which are always present in abundance on the 
husk of the grain, are wa.shed away. 

. Germination.— In this pc»rtioii of the operation the two 
chief objects of the maltster are to secure what is known as tlie 

uioditication ” of the contents of the endosperm, and to generate 

* Cheni. u. Phimol, Mahtt u, rf. liitrci.f p. 98. 

“ Malt and Mailing,” p. 334. 
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the enzyme diastase in sufticient amount. Tliis modification of 
the endosperm constitutes the chief ditlerenco between barley aiul 
malt; and on its perfect accom))li.shinent depends the amount of 
substance which will subseciuently enter into solution in the niasli- 
tun ; in other words, it deiermine.s in a^ieat measure what shall 
be the amount of extract yielded. It also to a considerable extent 
determines the tpiality of the dissolved matters. As we have seen 
before (p. 275), these changes are due to the effects of the physio- 
logical i)rocesses which take place during germination ; an enzyme 
is secreted by the secretory layer arul grailually invades the endo- 
sperm. This gradually ])ermeates the substance of the eiulosperin, 
dissolves up the celIulo.se walls of the starch-containing cells, 
•and leaves them, as it were, in a naked condition and directly 
accessible to the dia.sta.se di.s.sol\aMl out by the mash-liquor. It is 
upon the action of the enzyme that the “modification’’ of the 
contents of the endosperm mainly de[)end.s. But there is much 
ditl’erencc in the liegree to which its action extends in diffeicnl 
barleys; the cellulo.se of some samj)les ajqMmr.s to be i>e(;uliarly 
resistant to its influence, and, consecjuently, such sjxmimeiis can 
never be made to yield timdor, friabh^ malt. Somi'times, or j)cr- 
haps it may l)e .said often, through deficient germination, tlu' 
enzyme does not reach the extreme ends of tin* corns, in whicli 
case a malt is pnxluced, many of the corns of which have hanl end.*^, 
and all such unrinxlified masses represent so much raw barley. Wc 
therefor(* desire that the fullest action of the diastase should he ex- 
erted on tin; cellulose throughout the whole einhcsp(*rm. As regards 
the diastase, though we wish to have it secreted in large fpiantitics, 
yet we endeavour to limit its action on the starch as mmdi as 
]M).ssil)le, to keej) this down, as nearly as we (uin, to the extreme 
limit capable (d furnishing foo<l to the plant during tin; perioil 
neces.sary for inducing the requisite (dianges in the constituent.s of 
the barley-corn. If the action lx; greater than thi.s, an amount of 
starch is unnecessarily destroyed, d'ln* respinition of the embryo 
must, therefore, be kept within due limits in ordc'r to avoid waste, 
and thi.s is chiefly effected by in;ver permitting the heat of the ger- 
minating l)arley t<» exceed a temjH;rature of 60^ F. All the carbon 
which is <;xpeinh;<l in keeping the Inuip of germinating barley at a 
tem[>erature beyoini this represents .so much lost material. 

During germination there is a gradual iinmea.se of the (liastasc ; 
Kjeldahl fminl thi.s, as estimatcal by the «liastatic jtow'cr of the 
malt, to be : — 

I) instill io row;!'. 

First day ^0 

Secontl (lay 73 

Third day 80 

Fourth <lay 105 

Fifth day 150 

Sixth day 190 

Seventh day 220 

Kighth day 226 
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As diastase is able to act upon starcli in the cold, it naturally 
follows that its presence will he attended with the products of its 
action on the starcli of the endosperm. The first sugar produced 
is, according to Brown and Morris, maltose, and this becomes 
])artially transformed into cane sugar in the embryo, most pro- 
bably by means of an enzyme. Kjeldahl found that when a barley 
Avhicli originally contaiiuMl 1.5 per cent, of cane sugar, had arrived 
at the stage of green malt, it then contained 4.7 per cent, of 
this sugar. The former observers were able to prove that the 
largest amount of cane sugar was contained in the germ, while 
Odinparatively small amounts exist(‘d in the endosperm. Thus, of 
the total amount present in barley, the embryo contained 5.4 per 
cent., the endosperm but 0.3 i)er cent. ; in the. same barley, after 
ten days germination, 24.2 per cent, were found in the embrvo 
and 2.2 per cent, in the endosjH*rm. Simultaneously with tlie 
formation of cane sugar, a small amount of invert sugar seems to 
he fonne<l by the hydrolysis of the former, and this accounts for 
the presence of glucose and hevulose in the finislujd malt. 

In germinating barley we are absoluhdy obliged to produce a 
certain rpiantity of rootlets; tln'se, after the malt has been dried, 
are removed, and as they are, a <‘omj)arativeiy valueless material, 
they repn.'sent a loss, for tin' substance from which they are 
formed is derived from th(‘ endosperm. Py <liflerent methods of 
germination ^'ery <lifh'rent (piantities and weight>5 of rootlets may 
1)6 ])rodu(*ed, and it is therefore tin* maltst(*r s aim to keep root- 
])roduction to as low a limit as is consistent with S(*curing the 
liroper inotlilication of the barley. The comparative state of wet- 
ness or (Iryness in whi('h the barh'V is gcrminateil has great 
inlhience uj)on the amount of root-)*roduction : if the barley is 
Worked too wet, and espt‘ciall\^ at too high a temiHnature as well, 
root4)roduction i>rocecds at a iiigh rate. In such a case the growth 
of the acrospire and tln^ modilh-ati<»n of the contents of the endo- 
sperm do not keep pace with the root-formation. 

The Barley during the Whole Process of Germination 
Respires. — During the [leriod of germination l)arley absorbs oxygen 
j»nd exhales eavhon di(e\ide, ainl any umlue aeeumulatiou of this 
Ltter gas either stoj)s growth or seriously impedes it. Provision 
therefore, to he made for removing the earbon dioxide and 
su[)i)lyiiig fr(*.sli oxygen. This necessary aid-ation of the barley is 
^cciired by the eontinual turning it undergoes, and by securing the 
luiuciit rem*wal of the air in tlie malthou.se by projier ventilation, 
t the same time the amount of ventilation must not be too great, 
111 that case, moisture will be removed from the barley. 

' mtt found that, in a period of nine days’ germination, about 
f ‘d carbon dioxide were given off by a 

of barley, which i.s C(|uivalont to a loss of 22.5 lbs. of 
‘ G during tho same period 11.5 lb.s. of water were formed. 

^ IlorA. /. Brau.f 1887, p. 673. 
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The amount of the carbon dioxide evolved was found to ho 
slightly greater than that of tlie oxygen inhaled ; this sliow.s 
that intramolecular respiration takes })lace to a limited extent. 
According to Day,^ a definite relation exists between the amount 
of carbon dioxide evolved and the water fvtrmcd. 

As germination proceeds, a considerable portion of the bitlnuto 
insoluble proteid bodies is converted into .soluble! b)rms ; thus 
Hilger and Van Becke found tliat, after five days’ genunination, the 
soluble proteid matter of a sami)le of barley was three times as 
large as that of the original grain, and was nearly four times as 
large in the finished malt. The amount of acidity of the barley 
also augments during germination ; Ikdohoubek fonml an incrt'ase 
of from 0.34 per cent, (reckoned as lactic acid) in the tn'iginal 
barley to 0.60 per cent, in the green malt. Prior - determined the 
re.^pective amounts of the free and fixod organic acids, of tlie pri- 
mary phos])hate.<, ami of the total phosphoric, aciil, in two samples 
of barley during germination. Aftt-r two ilay.s’ germination the 
volatile acids had slightly increa>e(l in one sample, while iii the 
other they remaineil tlie .siimv The fixed acids had shown a not 
inconsiderable diminution, and the primary phosphato.s had in- 
crea.sed in an almost exactly proportionate amount. This lie 
considered to he due to th<‘ a<-tion of the tix(‘d acids (jii the 
secondary and tertiary phosphates contained in the grain, wliicli 
were converted into primary jihosphatcs acconling to the action 
expressed in tlie following c<jnation : — 

K 3 HPO 4 4 - CdL(()H,CO()Il ^ KHVOi - C4l4(OH)C()OK. 

SeconUar)’ rritnaiy 

potassium L'H.tlo acitl. j«..tas^iuni p.itassium liictatf. 

phosphate. 


And .similarly with the r4her ph<i.>d>hates of magnesium !ind cal- 
cium. This took place chieily Ix-twrcn tin* sfemid and fourth diy, 
and can.sed the rise in total aeidity ictieeahh* at this period. An 
apparently sliglit diminution in tin* total atmuint of j)lu*sphoric 
acid was also ol).served, and tiiis was thought to he due ttt an 
increase in the total weight of the grain, caused l»y the cimihiiri- 
tion of a small amount of the ah>nrli«-l oxvgeii with some of the 


con.stituent.s of the grain, brom the .second to the foiii tli day them 
was a rise in the total aei<lity, chielly eaused hy the foriiiatieii 


of jirimary pho.sjihates ; meanwhihi the volatile acids reiiiaincl 
aVx)ut the same, hut there was a slight decrease in the amount 
of the fixed aci<ls. A slight increa.se in the total phosplmrii: 


ncid also occnnaal, hnt this wa.s probably only apparent, lM*iiig oiic 
to some of the f;omhined oxygen being dis.soci:ited. Trom the 
fourth to the sixth <lay the toUl a<*i<lity of one malt had miK' 
merited, while that of the other had slightly diminished. Tin’ 


^ Journal of the Clirmiral SnrU ti/, l8So, p. 045‘ 
’ Cftem. u. Phyp. Malz. u. Pin-., p. 1 1 2. 
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augmentation was not due to the volatile acids, for these were the 
same in amount, but to the fixed acids, whicli appeared to have 
been released to some extent from the bases wliich they Imd before 
converted into primary pliosphates ; apparently, then, a reversal of 
the original action had taken place. ^ From the sixth to the eightli 
Jay there was a very slight decrease in the total acidity. Tlie 
volatile acids were not increased in amount, l)ut the fixed aeiJs 
had sligiitly decreased, and a corres[)onding increase had again 
taken [»lace in the primary })liosj)hates. The total amount of 
jihospboric aci»l ap[)eared to he slightly higher, probably owing to 
a Jiminution in the weight of the other constituents of the grain. 
The total acidity of the rootlets was twice as great as that of the 
green malt itself. 

Growth of Mould. — Another point of the greatest importance 
is to prevent the growth of mould while the luirley is on the lloor. 
It is impossilje to grow ])arley entirely free from mould, but its 
growth should he ke[)t (hnvn to the hnvest pos.sible limit. This is 
ctl'ected by the removal of damageil corns, ami by exercising care in 
steeping, so that the vitality of tin; corns is mJtlier depressed nor 
Jestroyed, by securing an abundant sujjply of fresh air in the malt- 
liuiise, and liy working the Ijarley without an undue exec'ss of water. 

Couching. — \V(; now proceed to tin* actual operation of germi- 
nation on tlie malthouse lloor, taking for c.xample what may he 
considered as the average course of a ste eping of barley. The first 
operation, after the harh*y leaves the cistern, is known as “couch- 
ing,” so called because, in tin; days when the duty was collected 
on the malt, the barley, on leaving the cistern, was placeel in the 
Couch-frame, levelled, and there gauged Ity tlie J'lxcise olHcers. 
The steeped liarley is h;velle<l u}) into a heap of twelve or fourteen 
inches in depth, cither on the coucli, when* such still exists, or, 
where it does not, (ui tin; lloor. Here it is left for a period of 
about twenty-four hours, thiring whieh time it h(*giiis to exhibit 
the tii'st signs of vitality. Now that it is reiintved from the water 
HI whicli it was imnier>ed, and is surnmmied by air, it is able to 
hreathe, and the evidein'c of rospiratimi is soon atVorded by the 


I’lse m temperature of tin; heap. The harh'y during this period 
i^weats, and gives off a distinctly pleasant odour. The barley wliile 
oil tin; conch is tiirnetl, as a rule, every live or six hours, in order 
to secure projier aeration, eipiahility of temperature, and an even 
^listrihution of moisture. AVhen the heat (»f the. heap has risen to 
honi 60 to 63° F. it is lirokeii down, that is, extended in super- 
licial area and reduced in depdh. At this jieriotl it will he found 
that many of tlie corns shaw tlie first visible signs of growth, 
ittle white protuberances having made their a}ij>earam’e at the 
l^iius of the grains where tlie germ is situated. When this occurs 
tlie barley is sajj po “chit.” 

Flooring. — This jiortion of the process may ho said to coin- 
JiHuice \vitli the breaking down of the coucli, at which time the 
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piece is called a “one-day floor the next day it becomes a “ two- 
day floor,” and so on. The parcels of malt are called “ pieces,” 
and each of these is turned, as a rule, twice a day, but this will 
vary accordin'^ to circumstances. The turning is effected by means 
of large wooden shovels, and is an operaticui re(iuiring a consider- 
able amount of dexterity, which can only be obtained by long 
])ractice. AVlien pro[)erly effected, the mass of grain is entirely 
turned over, that })ortion which formed the surface of lli# original 
]uece becoming the undermost layer in the fresh piece. In this 
way a certain uniformity in moistness and temperature is secured, 
hlach succeeding piece is turne<l on to a j>ortion of the floor fartln'r 
away from the cistern ; consequently, it gradually travels towards 
its destination, the kiln. The thickness of each succeeding piece 
is determined by the tenq)erature of the previous one ; if tlie 
temperature of that was too high, the next is spread out into a 
thinner lavcT, or rc/vd. 

Sprinkling.— ProV.ably by about the fifth day the rootlets will 
begin to lose their turgid appearance, as evidenced by llacciditv, a 
loss of their bright colour, ami an inclination to turn yellow. 
When this appearance presents itselt it is a sign that the jiiecc is 
becoming deticient in moisture. This deliciency is supplietl hv 
s[>rinkling wat(.>r over the j)iece at the rate of from four to six 
gallons ()( water i*er quarter of barley, according to the comlitinn 
of the i)iece. The sprinkling is usually effected by means of a can, 
|)rovi<led with a long spout perforated with a number of fimGioles; 
or, where water is laid <m for the imri-ose, l)y means of a hose and 
tine rose. Probably one or more sprinklings inay be fouml neccs- 
.siry, but this is a point which must be left entirely to the judgimnit 
of the maltster. Bisulphite of lime is (»ften added to the sprinkling 
water at the rate of two pints per barred in cold weather, and four 
pints in warm ; it serv(?s to <dn‘ck the growth of mouhl. 

Growth. As before stated, ehitting will have eommenced in 
an av'erage steep at the end of twr'iity-l»>ur hours from the icnnoa 
of the barley from the cistern. On the following day many of the 
corns will siiow from one to three distinct rootlets; by the third 
day nearly the wind.* of the. grains will have from three to four 
roots ; and on the fourth, rootlets to tlie numher of four or five vi 
have developed. It is the object of the maltster to obtain a 
abundant, busby root consisting of live or six ro(.tlcts. Too k*n|; 
rootlets, with u‘>o short a growth of acrospire, arc a source of waste, 
for they show that the modification of the endosperm is not keeping 
j)ace with the growth of the rootlets. 

By the evening r,f the third day the acro.siiire wdl have coi - 
menced to move up the hack of the grain, and will he distim. 
visible ; in another three or four days it will he lialf-wa} up, * ^ 
which stage sprinkling is generally commenced ; in another 
three days it will have reatdied a length of two-thirds of the ^ 
When this point is reached the withering is commeiiccu, ( ^ n 
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which the acrospirc either remains entirely stationary or grow's 
very slightly. 

Withering. — By means of this, the maltster endeavours to get 
rid of as much water as possible before placing the green malt on 
the kiln. In this stage the piece is allowed to remain for twenty- 
four hours unturned, by which treatment it collects heat and 
loses moisture, as is shown by the withered appearance which the 
rootlets gradually a.ssume. Some maltsters heap up the malt into 
a thicker piece during the withering, in order to increase its 
temj'erature. This is not advisable if the piece exhibits signs of 
mouldiness; indeed, in such cases it is advisable to get the malt 
oil tlie kiln as soi)n as possible, even at the ri.sk of its containing 
a little too much moisture. Since, (luring the withering process, 
the piece is imt so freely ventilated, the carbon dioxide exhaled 
by the corn collects, and, by arresting resjiiration, checks grow’th. 
Under tliese conditi(ms the action of the enzyme still appears to 
proceed, it continues to di.ssolve the walls of the starch-cells, and 
to form sugars fnmi the starch. Tin* sugars formed at this time, 
not lieing oxidised so rapidly as they would under conditions of 
freer res[)iralion, aeeumulate to some ('xteut during the ’withering 
process. 

Pneumatic Malting*. — The malthou.sc of the ])resent day 
has pretty nearly the .'<ame jniniilive eonstruetioii wdiich it has 
had from times immemorial ; the improvement in the ap])liances 
employed in malting cannot he said to liave kept jiaee with tliat 
of the appliances euijiloyod in otlnu’ manufactures — compare, for 
instance, tlu* machine-shop of to-day with that of five hundred 
years ago. During the last twenty years the spirit of reform has 
extended itself in a small degree to the malthouse, and some little 
improvement in the hitherto primitive condition of things has 
manifested itself, d'his has consisted in the intn^duction of the 
conical steoj»ing cisteiii, the various improved forms of a}>|)aratus 
Dr ch'aning and grading the barley, machinery for the removal of 
hrokeii corns, But the first really radical reform was intro- 
duced hy (lalland in 1874, who d«‘sigued an apparatus which was 
intended to (d)viate the larger amount of hand-labour exjiended in 
the constant turiiiug of the barhw. The steeped barley was 
placed in a tlii(dv layer on a floor, that consisted of perforated 
ii’on plates, and through which moist, cool air w'as continually 
Jiawii and C()m|)elled to traver.<e the barley. Jii this way the 
Riain was abundantly supplied with oxygen, and at the same time 
the carbon dioxide was efleetually removed. As tlie air was satu- 
rated with moisture, it was expected that it would exercise no 
drying action on the barley ; but, owing to the friction generated, 
s<'nie loss of moisture ensued. This principle lias been preserved 

fill th(‘ jmeumatic methods of malting whicli have been since 
pi'oposed ; and obviously, if .sucli a metliod were found practicable, 
it would be possible to make malt all the year round, because the 
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air used in the process could he cooled down at any season of the 
year to the temperature rerpiired for malting. 

Gallamrs idea was to do away with the turning altogether, hut 
this was found impracticable, for the mass of germinating barley 
gradually became matted and felted togtither, and more and mure 
in]l)ervioiis to the air-current ; the rootlets also [»enetrated and 
tilled up the perforations in the floor, thus offering another ulu 
stncle to the air-current. In conse(}uenre of this a considerable 
degree of force was required to drive the air through the mass of 
• main, consideralde friction ensued, and the heat developed in this 
way tended to remove water from the barley, even though the 
afe' employe<l was saturated with moisture. Some means had 
therefore to be provided for turning tlui barley and keeping it in 
a loose condition, and as the jdeces in tin*- ap{»aratus were frt m 
thirty to forty inches in thickness, it was im])ossi]de to do this l)y 
hand. To remedy this defect Saladin invented a mechanical 
arrangement for turning the barley. It consisttMl of a number of 
vertical screws, which, in addition to having a rev(dving motion 
on their own axes, travelled from one end of tlie a]i|)aratus to tlio 
other. This turning apparatus was put in motion evei’v eight or 
twelve hours, when it ellectually turned tin* grain and left its 
surface perfectly level. Tin* ap)>aratus in this improved form has 
proved fairly successful, ami is em})loyed to a limited extent in 
Franco and ( lermany. 

Drum Pneumatic Malting. — Gallaml fully recognised the 
imperfections of his original methotl, and, in order to remedy 
them, proposed to vegetate the grain in a slowly revolving drum, 
provkhal with various air-passages, hy means of whifh a constant 
current of moist air at a .suitable teiiqx'rature could be eontinuously 
passed through tin* germinating grain. Since the harh'V being 
continuously turned, it was kojit in a haose condition and not jier- 
mittc(l to felt together. This system was further impu'oved by 
Hemming, and now lads fair to become, at no very distant ])eriod, 
tlie univer.sal method of mailing. 'I'lie general a]t]iearance of a pneu- 
matic inaltliouse is shown in Fig. 62. One of the drums is sliown 
in section in Fig. 63, together with the arraiig(*ments for providing 
h)i’ the circulation of the moistened air. The pas.'-^age /., from wliieh 
Ihe air is drawn, communicates with a lower nearly filled witli 
coke, which is kept moist hy a small s|targing apparatus con- 
tinuously delivering a sj)ray of water; tliis may he (‘ither cold 
warm, according to tlie gmicral temperatun* at the time. In 
pas.sing throiigli this layer the air is either cooled or warmed, 
at the saiiKJ time .saturated witli moisture. From this ]>oint 
’t ])as.ses u]) the tube pa.st tlie valve />, which can he opened or 
at will, .to a number of pa.ssages, c, on the inner surface 
'•f the drunq liest .seen in Fig. 64. (The letteis indicate tlie 
portioms of the apparatus in both diagrams.) The drum T 
a cylinder of slieet metal which revolves on its axis, and is 
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supwrteJ on the wliecls bh. Tlie rotation is elTccted hy a worm 
actins upon a .series of cogs which surround the circumteronce 
of the drum. The drum is provided witli an aperture, whicli c.iii 
be closed by a lid, for tijc introduction of the steeped barley ami 
the removal of the green malt. A tube w is fixed along the 
axis of tide drum; this communicates with the valve iJi, and 
with the passage .Si. From this last the air is drawn by means 
of the exhaust fan Z. The steeping cistern is shown at IFi, 
one ci.stern sullicing for two drums; the shoot, as seen in 
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Fi-. fir, being Tim .lircetion in which the an p-;, 

tliroiigh the germinating barley is shown liy tlie 
.slow rotation of the drum (oiu'C in forty ‘u /'’’’''y'*' , . , , ,,1,., 

keeps tlie grain in a loose condition and ''''‘‘'’''y I’U™'*'* ,',,1; 
An‘air arn.iigement is also provided by which t If. 

can he shut olf from the passage /. and drawn from 
side atmosphere, eitlier directly or after filtration throng 

^^^' '^Adi:antaijmnfthe ,S>/em.— The greatest of 

niand whicli it gives to the maltster in completely control o 



THE DRYING KILN. 


413 

temperature of liis growing barley, in adjusting the degree of 
aeration to wliieh it sliall be subjected, and in regulating tlie amount 
of moisture wlxich the air suptdy shall contain. All damage to 
the corn by turning with a shovel, or by the feet of the workmen, 
is avoided. Owing to the abundant supply of fresh air the malt 
is [)roduced absolutely free from mould, and this is no doubt 
considerably aided by the purification (removal of germs) which 
the air undergoes in its passage through the coke tower. There is 
also an enormous saving in siiace— only one-sixth of that required 
for the ordinary growing lloors. Hand-labour too is reduced to a 



Fio. 64.— Section of Pneimiatic Malting iinnn. 


imiiiimun. Against this must be placed the expenditure for 
i'"wer in driving the exhaust-fans and drums, together with the 
[miiiping of the water for sjiarging the coke. 

. The Drying Kiln— Tl.i.s .'Oiisi.sts of a buil.lin- ImvinK a roof 
the sliajie of a cone, which terminates in a short chimney, 
'il'ual y surmounted by a cowl. The building is divided into two 
“ambers by the drying floor, which may consist of wire gauze, 
l"^d(jrated iron plates, or perforated tiles. In the space beneath 
‘“ drying floor is the arrangement for supplying heat, and this, 
‘ Its .simplest form, is merely an iron cage in which the fuel is 
order to equally diffuse the heated air, a large plate, 
b mrally made of iron, and covered over with bricks or some 
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other nou-conductiiig material, is placed over the lire. < Ipeiiiiurs 
are provided in the walls of the room under the drying floor ; by 
the opening and closing of these, together with the manipulation 
of the tire, the temperature of the air passing through the gveeu 
malt is regulated. Occasionally drying kilns have two floors, 
one above the other. The green malt is flrst placed on the upper- 
most, and, after having attained a certain degree of dryness, is 
then shot down to the lower floor, where the operation of dryimr 
is completed. In this case provision has to bo made for the 
entrance of cold air into the s])ace between the two floors, or 
some arrangement provided by which the bulk of the heated air 
coming from the lower floor can escape without actually passing 
through the grain on the top floor. In such kilns there is un- 
doul)tedly a saving of fuel. 

In order to increase the volume of air passing through the green 
malt, especially in the earlier stages of the drying process, it lias 
been proposed l»y Mr. Free to place a Iflackman fan at the ape.K 
of the roof. This plan, he says, has been carried out with a 
considerable degree of success in his own makings. 

Drying. — The objects of this process are to eflectually arrest 
further growth in the green malt by the withdrawal of water, 
which has the eflect of remlering the malt stable, so that it will 
keep on storage, and also to confer flavour on it. In no other 
department of malting is so much care retpiired as in the kilning, 
for the character of the beer produced by a malt is most essen- 
tially influenced l>y the way in which the malt has been dried. 
Many of the troubles of the brewer are to l)e traced to improper 
treatment in this stage. • 

Malts mav be divided into two distinct tyjies, pale and liigh- 
dried ; they derive to a large extent their diflerent characteristic.^ 
during the kilning process. The malts of the former type arc 
used for the production of ales of a dry flavour, or which have 
to be kept in .sl«»re for a considerable period ; malts of the latter 
type for beers of a .sw’eeter and fuller nature, which, as they 
are rapidly consumed, are technically known as “running ales.' 
Between these two diflerent classes of malt there are a luiiiiber 
of intenuediate varietie.s, partaking more or less of the characters 
of the one ty[)e or of the other. 

In all cases the drying of malt i.s commenced at a temperature 
not exceeding loo' F., and thi.s .should not be exceeded on the 
first day, care being taken that a large (|uanlity of air passes 
through the malt. The heat is gradually raised during the .second 
day, until, at its clo.se, the temperature of the malt has risen to 
no"' or 1 20' F. During the next twelve hours the heat is 
gradually raised to the temperature at which it is desired to 
finish the malt at. Thi.s will vary from 190” to 230“ F., according 
to the character of the malt being manufactured ; it is kept at tins 
{>oint for six hours before being taken off the kiln. This, whic 
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is generally known as the “curing stage,” is a most important 
portion of the operation, and should never be neglected. 

The object of the very slow application of heat and abundant 
air supply during the earlier stages of the drying process is to 
remove the superfluous water, and to effect this object without 
either destroying too much of the diastase or rendering the malt 
hard and steely. Diastase in the moist condition is extremely 
sensitive to heat, but when perfectly dry it will bear ex})osure to 
the comparatively high temperatures neces.sary for conferring those 
desirable qualities which are imparted to the malt during the 
curing stage. If the green malt is exposed to too high a tempera- 
ture at first, the starch in the external layers of the endosperm 
becomes gelatinised, and dries into a horny mass, which eflectually 
prevents the proper escapee of moisture from the interior of the 
grain. 

Changes Effected during the Kilning Process. — During the 
first stages of the drying process tlie green malt loses from 30 to 35 
per cent, of water; it then becomes wliat is known as “hand dry.” 
This is accompanied with a considerable shrinking in volume. 
During tliis period changes similar to tho.sc which arc brought 
about by germination still continue to a limited extent. Thus 
Prior found that the diastutic power in a malt had increased from 
88.9 to 134, an<l that the reducing sugars had .similarly increased 
from 12.58 to 13.74 per cent. The toUd acidity also increased, 
ill one sample from 0.60 to 0.74 per cent., in another from 0.56 to 
0.64 per cent, (reckoned as lactic acid), owing to an incroa.se in the 
fixed organic acids and in the primary phosphates. As the drying 
proceeds the remainder of the water is lost, but a series of changes 
take place which are largely governed by the amount of water 
which the malt contains at tlie earlier part of this jicriod. When, 
as in palci malt, this is small, all tho.se changes of a vegetative 
nature which had hitlierto been taking place are arrested, and the 
malt gradually loses its raw flavour, Init never acquires that highly 
aromatic flavour characteristic of the highly dried malts. As a 
very considerable jxu’tion has been removed at a comiiaratively low 
teuq)erature, the diasta.se is not.s(‘riously impaired ; and since during 
the .suhseipient stages little moisture is present in the malt, and as 
dry diasta.se is not aflected by heat to nearly such a great extent 
iis it is when in a moist condition, the diastatic powers of such 
malts are fairly high at the finish. But when, on the other hand, 
the heat is permitted to ri.se to temperatures towards 150“ E. while 
the malt still contains from 12 to 15 per cent, of water, then the 
formation of those products on which the aroma of malt depends 
o<)mmence.s, and the more this stage is prolonged the greater is 
fkoir amount. According to Thausing,^ the formation of the 
aromatic princi[»les commences at a temperature of about 150“ to 
Do E., and it is impossible to produce aroma in a malt when its 

^ ^fahhcr, w. Bkrfabrik,, p. 380. 
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moisture lias fallen below 7 or 8 per cent. Consequently, tlie 
brewer, by keeping these principles in mind, has the power of 
varying the character of his malt, Jis regards flavour, as he chooses. 
The contents of the corns become browner in colour according to 
the degree of heat to which the malt has been subjected in this 
middle stage. This deepening in colour has been attributed by 
various observers to the alteration of very diflerent constituents 
of the malt, but its formation depends, to a certain extent, upon the 
alteration in the proteid constituents, as was first suggested by 
Habich. This is also borne out by the author’s own ex[)eiiinents, 
who found that the allmmo.'-es derived from high-dried malt 
were ahvays considerably darker in colour than those derivi'd from 
pale malt. Carampl is evidently produced, to some slight extent, 
probably from the hv.vulos(‘, tlni amount of which may he in- 
creased during the drying jirocess by the hydroly.sis of cane 
sugar by the acids of the malt. During the drying the diastase 
lo.ses much of its activity, and this is advantiigeuus, for, if such 
were not the case, it would be impos.sible to Ijrew full-botlicd 
Iteers. The diastatic })0wer of green malt iliminishes from too' to 
120’ on Lintner’.s scale to the average of 45° to 30" umler the ordi- 
nary conditions of drying ; but with careh'ss manipulation it may 
.sink much low'er than the latter figure, or even be nearly (h'stroyed. 

Heaping Up. — After tlie malt has ))as.sed through the curing 
.stage it i.s generally heaped u}) for a few hours ; thi.s is also said 
to increase its aroma. 


Removal of Rootlets.— Aft(*r the conipletifui of the drying 
|»roces.s, the rootlets, technically known as the “coombs,” arc 
removed from the malt. This is (‘fleeted by workmen, who wear 
heavy boots for that purpo.se, treading the malt. In this way the 
Vu'ittle rootlets are easily l>roken off; th(!y are th(‘n removed hy 
pas.sing the malt over a .screen. It is the custom of some maltsters 
to store malt with th(i rcjotlets still attacdo'd, but this is an objec- 
tionable practice, since malt coombs have a mueli moo^ j)owerful 
attraction for wabir than the malt itself. 


Storage. — lu no oilier de[>artment of malting or brewing has 
sueh short-sighted policy Ixieii pursued as iii the storage of midt. 
The maltster or the brew(‘r, afbu* all the troubh; be has taken to 
remove, a.s far as ])o.ssible, tlie last traces of water from the nuilt, 
and well knowing its extreimdy liygroseopic natun*, often leave.s it 
simply lying in lieaj>s on the tl(»or of the store-room ; or, at last, 
mertdy covered with a layer of coombs. Malt, to preserve its guo' 
(jualitie.s intact, .should be .stored in bum, which are made as nearly 
air-tight (IS po.ssible ; tluj.se may be con-tructed of wood, and hnea 
with sheet iron or zinc, or air-tight rooms may be built oHn'ie > 
and lined with cement, as tlie malt .silos so frequently seen in Con 
tinental malthouscs are. According to Brand, malt sliould neva 
be stored while hot, e.specially if in large nuissies; for, under Mid 
circum.stance.s, it guther.s beat, its good (pialities becoino depreeia c( , 
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and it is liable to become rancid. A slight oxidation process, 
which leads to the formation of carbon dioxide and water, takes 
place in malt when first stored, and in this way the malt acquires 
a slightly higher percentage of water. This oxidation has much 
to do with the “mellowing” which is brought about in the malt 
during the first few weeks of its storage ; it is well known that 
malt does not yield good results in the mash-tun before it has 
undergone this mellowing process. Malt should be stored at an 
even temperature ; if one portion of the mass is warm ami another 
portion cold, the moisture distils from the warmer i)ortion and con- 
denses in the (;older ; consequently there is a tendency in the latter 
portion to become slack, and in extreme cases even to become 
mouldy. In s[)ite of all the best conditions of storage, malt de- 
preciates in quality after a time ; it is probably at its best two or 
tliree months after being imnle. This is a point which tells strongly 
in favour of pneumatic maltings, in which malt can be made all 
the year round. 

Chemical Examination of Barley.— In addition to a 
physical examination, barley is ofhui subjected to a chemical analysis 
as well. In this way the amounts of moisture, of starch, of nitm- 
genous matters, soliilile and insoluble, and of ash Avliich a given 
sample contains are d(dermine<i, ami also its degree of acidity. 

Moisture. — The amount of water contained in barley generally 
ranges from 12 to 18 per cent., the average being 15 per cent. 
Any sanii)le which contains more than 20 per cent, would be con- 
sidi!red damp. 

Starch. — This is by far (he most important constituent of 
))arley, for on the amount of starch which a given sample con- 
tains chietly depends the amount of extract it will yield. Barley 
contains, as a rule, from 60 to 66 p('r cent, of its weight of 
starch. 

Nitrogenous Matters. — Barley contains from 8 to 15 per cent, 
cf nitrogenous matter, (be average being about 10 per cent. Bart 
of this is soluble in water, l)ut by far the larger part (80 to 85'por 
cent.) is insoluhle. Some of llio soluble nitrogenous constituents 
are coagulable by heat ; tln‘se should, according to Kukla, amount to 
iihoutone-half of tlie total .soluble nitrogeuousinatter. Barleyswhich 
contain loAver proportions of coagulable proteids than this rmpiire 
to be worked slowdy on tlie lloor in order to secure perfect modifica- 
tion. Samples containing a large total amount of nitrogenous matter 
were considered at one time to b<i unfitted for malting, it being 
thought that such grain invariably yielded hard, steely malts. It 

now pretty generally conceded that it is not the al)solute amount 
of nitrogenous matter, l)ut the state in which it exists in the 
barley, which is of paramount importance. The amide bodies are 
contained in very small quantities in barley ; ^liirker and Farsky 
found the amounts containeil in two barleys to be 0.275 and 0.169 
per cent, respectively. The ammonia amounted to 0.054 and 



4i8 


BARLEY AND MALTING. 


0.012 per cent, in the same samples; this latter hotly is therefore 
contained in still smaller (piantities. 

Acidity. — An aqueous extract of barley is always more or less 
acid, and this acidity was formerly attributed solely to the presence 
of lactic acid, hence the custom which still prevails of stating tin; 
amount of acid contained in barley, malt, or wort in percentages of 
lactic acid. According to Prior,^ the acidity of barley mainly de- 
pends on the presence of the ))rimary magnesium, calcium, ami 
j)otassium phos])hates, and to a lesser extent on that of fixed and 
volatile organic acids. He states that the respective proportions of 
these bodies in two samples of barley, expressed in percentages of 
lactic acid on the water-free substance, were as follows : — 



I. 

II. 

Volatile organic acids 

0.07 

0.05 

Fixed organic acids 

0.06 

0.05 

Primary phosphates 

0.29 

0.25 

Total 

0.42 

0-35 


Mineral Constituents.— Barley, on incineration, leaves behiml 
from 2.5 to 3.0 per cent, of ash, reckoned on the dry substance. 
According to Wolff, the ash of barley consists of the followin|.j 
substance.s, expre.sscd as percentages on the ash : — 


Pota.ssium . 
Sodium 
Lime . 

Magnesia 
Iron oxide . 
Phosphoric acid . 
Sulphuric aci<l 
Silica . 

Chlorine 


20.92 
2-39 
2.64 
8.83 
1. 19 

35 10 

1.80 

25-91 

1.02 


Total .... 99.80 


The prejxmderating ba.ses are }M)taHh and magnesia, and the })n‘- 
dominating achls pho.sphoric and .silicic. The jmtassium and mag- 
nesium pliosphates are the most imporhint constituents of the a.sli, 
since they serve as mineral food for the yeast. 

Malt Substitutes.— In former times malt Wiis in variably 
produced hy germination, hut within the last few years many jire- 
parations— so-called “ malts”— made from rice and maize, have 
been placed on the market In these the more or less comjdete 
gelatinisation of the starchy contents of the grain has been brougld 
about by the action of moisture and heat. It has been recently 
proposed to make malt hy growing on barley or other grain a moiiM 
fungus, in the same way as the Japanese manufacture koji fi'Oi*‘ 


* Chcm, u. Phyt. d. Malz. u. d. Bier., p. 40. 



OKRMINATET) HARLEY 5 IALT. 


rice. Several of tlie inorild fungi sccret(j diastntic enzymes in 
great abundance. 

G6rniind.t6d Bd.Fl6y Msilt* — IVTalt is divided into sovfa’id 
classes according to its colour; thus we liave wliite, pide, lii<r]i. 
dried and amber malt; crystal and imperial; brown’ and ’black. 
In tlie first four of these tlies requisite modification is produced by 
variations in the method of drying^ In the manufacture of white 
malt, comparatively little of which is now made, the best and 
palest barleys .are employed ; these are worked with great can^ 
and dried at ii low temperature. Pide nmlt is also m.ade from 
superior barleys, but dried at a higher temper.ature than whit<^ 
malt. For higli-dried malt, inferior or even slightly (lamagfal 
l)arley is often employed ; the curing takes place at a consideraldy 
liigher temperature tlian with the foregoing malt. Amber malt is 
made from similar corn ; it is somewhat more highly dried than 
the last, and a (piantity of wood is thrown on the fire towards the 
end of the process. Crystal malt is dried in an entirely different 
manner. After being grown and withered it is ])laced in a wire 
cylinder which is rotated over a fire, con.sequently tlie grain is dried 
at a very high temperature. Im])erial malt is made in a similar 
manner to amber, the heat of the kiln being alloweil at the finish 
to rise to from 240° to 270^ F., oak or IxMadi wood being used as 
fuel. The use of brown or blown malt, formerly mu(*h in demand 
for making stout, is dying out. dhe barh'y for tliis was germinateil 
in the usual manner, but not allowed the usual length of time on 
the withering floor. It was then placed on the iliying kiln in a 
layer not exci'cding an inch and a half in thickness."’ Moderate 
heat was applied at first until much of the moisture had been 
<lriven out, when the heat, whi(‘h was obtained from burning 
wood, either o.ak or beech, was smhlenly and intensely augmented. 
Pnder the sudden apidication of the heat the grains swelled some 
~5 cent., and the malt became embued with a strong empy- 
minmatic odour, derived from the products of combustion."’ Since 
m this method corns which have not V(‘getated do not swell, only 
barleys which po.ssess good vegetative i)owers should be employed 
ui the manufacture of brown malt. 


Black or Roasted Malt Thi.'^, which now almost entirely 
repl‘i<’es the brown or aml)er malt formerly used in the iiroductioli 
‘•f black beers, is prepared by roasting malt in a cylinder, constructtMl 
something after the fashion of those in which coffee is roasted. 

lough well-made malt yields a black malt of a superior character 
>>oth m point of colour and flavour, yet inferior malts are often used 
or this purpose, ami at times even raw barley. A good sample 
II ^ ^ ^ uniform (diocolate colour, and should not be 

The individual grains should be distinct and clean; if 
11a ed and run together and the corn burst, neither the colour 
lor avour will be good. Black malt is of an exceedingly hygro- 
nature ; no large stock of it, therefore, should bo kept 
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ill hand. It is best prepared the day before beinj' used, hut 
this entails the necessity of having a roasting apparatus on tho 
l)renuses. 

Quality of Malt. — Ill estimating the quality of a malt wo 
depend upon certain physical and external indications, combined, 
if possible, with a chemical examination. The first of these* 
enables us to determine the characteristics which it has derived 
from the barley employed in its manufacture, and also several 
other conditions induced during the process of malting. 

Growth.— This, which affords a valuabh^ indication as to thu 
amount of modification wliich has taken ])lace in the endosperm, 
is ascertained by noting tlie length to whiidi the acrospire has 
grown up the l»ack of the corn. Those corns in which the acro- 
spire has not started at all were cvi<lcntly dead ; they are termed 
“idlers.” Growth .should be regular; in a given sample all tla* 
acrospires should l)e grown jirettv nearly to the same length. The 
degree of growth of the acros|)ire is stated in terms of the length 
of corn ; thus, if it is half the length of the corn, it is said to hi* 
half-way up ; if three quarters tlie length, tliree-fpiarters up; and if 
it extend beyond the end of the corn, it i.s said to be grown out. 
The length u.'^ually found to coinciib^ with the proper modification 
of the endoqierm is when the aerospire extends from Uvo-thirds 
to three-quarters iq) the back of the grain, lint iiow-a-days the 
maltster reli(‘s more u]>on the. condition of tin* endosperm itself than 
upon the length of the acrr).spire. To dtdeet regularity in growth 
a number of corns are taken promi.scuously from a sample, say 
several lots of 200 each, and tin; num])er of corns which liavi* 
grown to the various difb*ri*nt lengths of on(‘ eigbth, one-qiiartcr, 
tbree-eigiitli.s, one-half, five-eighths, thrim-fourth.s, or grown nut 
are determined liy inspection. The difl'enuit groups of figures sn 
(detained divided by two, give tin* pi^rceutages. 

Thus in 200 corns from a .sample tlie numbers at the varieus 
degrec.s of growth were as follows: — 

Degrees of growtli , o i | i ^ 'j I grown out 

No. of corns . . ,1614 20 3S 7S 34 4 2 

Percentage . . 2 3 7 10 19 39 17 2 i 

Such a sample as this exhibits extnune irregularity in growth. 
A good sample of m dt shouhl ho evenly grown, the acro.spirc 
should he from two-thirds to three-quarters ti(> the back, and it 
should not contain more than 2 per cent, of idlers. 

Condition of Contents. — The condition of the contents of the 
crKlo.spenn.s is of immense imjMutanco; they should be tcmler and 
fnalde ; the corns shouhl he crisp, and, when bitten, should 
crumble Ix^tween the teeth; a broken corn, when drawn across a 
lioard, sliould leave a mark .such a.s a piece of soft chalk would do. 
Hard glas.sy corns indicate that either a bad sample of barley has 
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been malted, or that there has been mismanagement in the drying 
process. The number of friable, glassy, and medium corns may be 
ascertained by cutting a number tlirough witli the farinatome used 
in examining barley, and the percentage of the different classes 
determined in the same way. 

Percentage of Moisture. — Mult on leaving the kiln should be 
practically free from moisture — at all events, it should contain less 
than I per cent. ; it is, however, an extremely hygroscopic suV>- 
stance, and consecpiently absorbs water with great avidity, or, in 
other words, it soon becomes “ slack.” When malt has absorI)ed 
even small quantities of water it rapidly deteriorates; it takes on a 
series of uiiex[)lained changes which nmder it in a short time quite 
unlit for the production of lirst-class beers ; in fact, slack malt is 
])robably one of the most frequent causes of trouble in the brewery. 
Though it may be improve<l to a slight extent by re-drying, it 
never regains its original g(ml (pudities. The amount of water 
contained in a malt is b(*st ascertained by a clnunist, who has all 
the apparatus necessary for such a determination at hand ; but 
consideiai)le information can bo gained l)y the way in which a 
malt “bites.” hi slack malt all the crispness is gone, the contents 
of the corn are soft, and convey a general inqu’cssion of staleness, 
dillicult to describe, but easily appreciated by practice. As it is 
almost certain that the objectionalde changes in malt caused by 
excess of moisture b(‘gin before slackness can lie determined in 
the way just described, the only certain method of ascertaining 
when a malt contains a detrimental (piantity of moisture is by an 
aciual moisture determination in the laboratory. 

Broken Corns. — ^Tbese, when they occur in the sanqde of 
malt in anything beyond the smallest proportions, exercise a very 
prejudicial effect upon the Ix'cr lirowed from it: their presence is 
wholly undesirable, and in a good malt they should not exceed 2 
l)er cent. 

Age. — ^lalt should not be used until it is alxuit six weeks old. 
If used when too new, it causes troubh* in the claritlcation of the 
resulting beer. Malt over four months old, when kept under 
ordinary storage conditions, and even before then if kept under 
had ones, will become slack ; it wdll then exhibit all the ill elFects 
due to this condition. When kept in air-tight rooms or bins it 
<':ui be preserved without deterioration for considerably longer 
periods. Much more attention has been paid in recent times to 
the provision of proper air-tight chambers for tlie storage of malt, 
iind this has been followed by a marked improvement in the 
Jinality of samples which have been stored for a considerable time, 
hhe introduction of pneumatic malting, which is gradually taking 
place, will remove in course of time tlie necessity for long storage 
and its attendant evils. 

Odour and Flavour. — Good malt ha.s a pleasant aromatic 
“dour ; if it possesses a faint and unpleasant, or a fusty, mouldy, 
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sour, or rancid smell, it cannot be used with any degree of con 
lidence. The flavour, which depends very materially on tin* 
way in which the drying process has been carried out, is l)c.st 
detected by chewing a few grains ; it should not be raw, for tluit 
denotes insuflicient heat during the curing process, but sweet and 
aromatic, the aroma being developed to the greatest extent in those 
samples which have been submitted to a high temperature for 
several hours at the end of the kilning process. The aroma is 
not so marked in pale malts, which are tinished off at a lower 
temperature. A burnt, bitter flavour points to mismanagement in 
the kilning process. 

Size. — It is possible to mak(‘ equally goo<l malt from either larg(' 
or .small corn, provid('d it po.s.se.sses tlie other requisite qualities; 
but of two sample.'^, (Mpial in other respects, the one with tin- 
larger corns will yitdd the more extract, since there will be a 
smaller proportion of hu.sk to contents. 

Weight. Much importance u.sed to be formerly attached to 
the weight of malt. From 40 to 44 llxs. a bushel is the usual 
weight met with ; ami undoubtedly heavy malt, provideil it 
posse.s.ses the otln‘r necessary qualities, yields the best extract. 
Samples should be cartdully examined, in order to lusccrtain that 
the malt does not derive this (juality fiom .some imperfection, 
such a.s steeline.s.s. 

Cleanliness. Malt .shmdd not contain gross imptiriiie.s, .such 
as stones, dirt, fragments of iron, or foreign seeds in any quantity. 
All the.se should be removed from the barh*y before st(‘(‘j)ing 
The surface of the malt is always more or le.ss containinated with 
bacterial organisms, mould, and yeast fungi, which were di'positcil 
on the barley when growing in the held, ami have .survived tii'‘ 
heat of the drying proce.ss. ^lachinery is now obtainable which, 
by a combination of .screening and brushing, removes a considerahh' 
[irojiortion of the adherent dirt, both of an inorganic and organic 
nature, and this elean.'^ing is exceedingly ailvi-able. Hy phiciii;,' 
a small quantity of malt in a test-tube containing sterilisol 
water, plugging up the tube with sterilised cotton-wool, aiul 
keeping the whole at the or<linary temperature for a few days 
a micro.scopic examination of the liquid will show what a nuiiih'i 
of the germs of ditl’erent organisms are deposited on malt. Malt 
should l)e free from rootlets/ their presence indicates defectiv*' 
screening. 

Chemical Examination of Malt.—This aifords exceedinglv 

valuable information, not only as to the way in which the maltiu.it 
proces.s has been conducted, but abo as to the way iu which the 
malt will coriqK>rt ihself in the brewery. The report of an analysij 
of a malt usually gives in percentage terms the moisture contaiiif'^ 
in the sample, wliicli is the index of its sinckne.ss ; the amount c 

‘ A concentrated extract of malt rootlets is frequently added to wort 
“yeast fewd.” 
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extract the malt is capable of yielding, together with the general 
character of the extract yielded ; the nniount and condition of the 
nitrogenous matters of the malt; its diastatic power; the amount 
of ash it conhiins ; and its acidity. 

Moisture.- In samples directly off the kiln the moisture should 
not exceed i per cent., and malt hy the time it contains 5 per cent., 
(»r oven less, will he consideraldy deteriorated in quality. 

Extract. — The amount of extract yielded by different malts 
varies considera)>ly ; fine, plump malt, when of good quality, will 
naturally yield more extract than thin samples. The amount 
of extract yielded hy malt in this country is always stated in 
pounds of brewer’s extract per (juarter, hence the cost of each 
pound of extract can he obtained hy dividing the price per quarter 
i)y the number of pounds of extract yielded. Thus, if a malt yield 
eighty pounds extract, and costs thirty sliillings a quarter, each 
pound of brewer’s extract costs fourpence halfj)enny per pound. 
Rut the (piality of the extract must also be taken into account, 
for it is of quite as much imj)ortance as its quantity. ^lalt yields 
from .seventy-live to ninety-five i)ounds extract per quarter, but 
tlii.s yield varies considerably in different seasons. The report of 
a chemical analysis of a malt, in mldition to tlie amount of extract 
yielded, contains particulars as to the colour of the wort yielded, 
its odour, tlie way it filters — briglit or cloudy the way in which 
it breaks on boiling, and the pr()[M)rtion of matter fermentabh^ 
during the primary fermentation. 

Colour of Wort. — This naturally dei>ends upon the kind of 
malt, whether it is j)ale or high-dri«*d, and is generally stated as 
]tale, medium, dark, ila;. As it is now po.ssible to measure .shades 
of colour witli the utmo.<t degree of nicety by means of tlie in- 
genious tintometer of Mr. I.oviboml, the tint of the wort of a 
given strength from a Siimple of malt should be given in degrees 
of this instrument.^ 

Nitrogenous Constituents. — The total amount of the nitrogen 
contained in the malt is first a.'^certained, ami tlie figure thus found 
multiplied by a factor, generally 6.25, and the quotient given as 
the total nitrogenous matter of the malt. The factor 6.25 is 
employed under the erroneous a.ssumption that all the nitrogenous 
matters of malt eoiitain 16 [ler cent, of nitrogen, but it is now 
'veil known that the amide constituent'^ contiin considerably 
larger percentages of nitrogen. Figures obtained in this way, 
however, servo for purposes of comjiarison. The amount of nitro- 
gfiiious matter soluble in water is then found in a similar manner, 
and deducted from the total nitrogenous matter found before ; this 
gives the percentage of the insoluble nitrogenous substance. A 
’•'alt contains a slightly le.ss amount of nitrogenous matter than 
Ihe barley from which it was made, since a portion of the nitro- 
K<“iioii8 substances passes into the rootlets, which are removed from 
' See Api)endix E. 
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the finished malt. During the malting process a large quantity of 
the insoluble nitrogenous matters present in the barley become 
converted into soluble modifications. Attempts have been made 
to sulxlivide the nitrogenous constituents of malt into various 
groups by Ullik, Bungener and Fries, and -others. The following is 
a comparative analysis of malt and the barley from which it was 
made by the two last-mentioned chemists : — 

Barley. 

Nitrogen. Factor, 

Per Cent. Per (.’eiit 

Nitrogen of total nitrogenous matter . 1.69 x 6.25 

Nitrogen of total soluble nitrogenous matter 0.407 x 6.25 
(albumen . . . 0.161 x 6.25 

Consisting of < peptones . . . 0.040 x 6.25 

( amides . . . 0.026 x 6. 25 

Malt. 

Nitrogen of total nitrogenous matter . 1.58 x 6.25 = 9.S7 

Nitrogen of total soluble nitrogenous matter 0.824 6.25 5.16 

! albumen . . . 0 230 x 6.25 - 1.44 

peptones . . . 0.060 x 6.25 = 0.37 

amides . . . 0-534 x 6-25 = 3.34 

The nitrogen figures have been multiplied by the factor 6.25 
for purpose.s of comparison. 

The following figures were oldained by the author some years 
since from samples of malt from dillerent sources, all of whicli 
were yielding good re.sult.s in the brewery : — 

IVr Per Per Per P»!r IVr 

Cfiit. Cent. Cent. Cent. (’cut. Cent. 

Total nitrogenous matter . 8.1 9.2 9.4 lo.o 10. i 11.8 

Soluble „ „ . 3.8 3.6 39 4.5 4-5 4 -' 

Coagulable „ ,, . 0.0 0.7 08 0.0 1.7 i -4 

Trot eose.s and peptone . 0.7 0 8 0.5 0.9 0.7 00 

Amide .... 2.2 2.1 2.6 3.0 2.1 2.1 

The amount of tlio soluble nitrogenous matters was obtained 
by e.stimating the nitrogen of a cold-water extract of each malt ; this 
wa.s then reducefl to a jMucentage of the weight of the original 
malt, and multi[)lied by the fachjr 6.25. Another portion of the 
same extract wa.s Ixuled, and tlie amount of matter coagulable on 
boiling a.scertained. 'i'bi; jjroteo.sos and peptones were precipitated 
in the filtrate from the coagulalde matters by means of phospho- 
tungstic acid, and the nitrogen in the precipitate estimated. After 
deducting the amount of the coagulable protedds, ])roteo.ses, and 
peptones from the total nitrogenous matter, the remainder Avas 
put down as amides. In a nurnlicr of 8ub.sequcnt experiments, 
Avliere the proteo.ses Avere precipitated by saturating the mal - 
extract with ammonium sulphate, only the biirest traces of pejitone 
could Ixj detected. 

Diastatic Power. — The method for ascertaining the diasta 10 


Per 
Cent. 
“ 10.6 
= 2,54 

~ I.OO 
= 0.25 

= 1.29 
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power of malt generally employed is that of C. J. Liiitner, and the 
results are given as degre<is on Lintner's scale. Plaits vary much 
in diastatic power, according to the way in which they have been 
grown, and especially according to that in whicli they have 
been dried. As a rule, the longer the acrospire is grown, the 
more diastatic will be the green malt. Diastase, when in a moist 
state, is exceedingly sensitive to heat ; consequently, if the green 
malt is submitted to too high a temperature at the earlier stages of 
the drying process, when it still contains a large quantity of water, 
the diastase may be almost completely destroyed. During the 
drying process a considerable j)orti(ui of the diastatic power of malt 
is invariably lost, and the higher the heat to which the malt is 
exposed the greater will be this loss. Consequently pale malts 
have a higher diastatic power than high^dried ones ; in chocolate 
or black malts the diastasii is completely destroyed. Fortunately 
this partial destruction of tin; diastatic power is advantageous to 
the brewer, for malts as ordinarily manufactured contain, as a 
rule, more diastatic pmwer than is re(piired, and conseajuently 
this has to be still further re<lueed in the mash-tun. It is this 
c.xcess of diastatic power which enables the brewer to use a con- 
siderable proportion of unmalted material, siicli as rice, maize, Ac., 
in the mash-tun. The distilh*r and the vinegar maker, who 
require malts that possess the highest diastatic powers it is ])ossible 
to obtain, employ such as would l)e, from a brewer’s point of view, 
excessively grown ; they are also dried olf at as low a heat as 
possible. Green malt taken straight off tin* floor or out of the 
cylinder, and therefore posse.ssing th<? maximum of diastatic ])ower, 
is frequently employed in these special branches of the fermenta- 
tion industries. 

The diiistatic power of English brewing malt ranges between 
30° and 45° ; higher or lower figures than these generally point 
to some defect in the malting process. The diastatic power of 
green malt ranges from 110° to 125°, consequently an enormous 
destruction of diasta.se takes j)lac(‘ during the kilning j)rocess. 

Modification of the Endosperm. — Malts differ ct)nsiderably 
ni tlie degree of modification which has taken ]dace in the 
endosperm, and this may be due either to the nature of the 
barley from whicli the malt was imule, or to faults in the malting 
proces.s. Very often the enzyme has not penetrated to tlie extreme 
‘‘lul of the barley-corn.s, and there exertial its action ; in this way 
We get malt with “ hard eiubs.” An ingenious imdliod has been 
I’econtly proposed by Moritz for asceitaining the amount of modi- 
bcation whicli lias taken phu-o iluring the malting ])rocess. Two 
J^^''^perimeiital maslies are made ; in the first the malt is treated 
'W several hours with a cold-water extract of green malt (wliich 
"dl, of course, contain the cellulose dissolving enzyme) ; in the 
^l^cond the malt is similarly treated with the same amount of the 
‘^‘dne malt extract which 1ms been boiled (in order to de.stroy the 
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onzyine), and allowed to grow colil. After heating both to mash- 
ing tern })era tore, the worts are tiltered oil and their respeetivt* 
gravities aseertained. The ditlerence between the gravities atlbnls 
an indication as to the amount of mod iti cation. 

Acidity. — The normal proportion of free iicid in malt is from 
0.2 to 0.3 per cent., expres.sed in terms of lactic acid, and it shouhl 
not exceed 0.4 per cent. This method of expression is purely 
conventional, the acidity is never entirely due to lactic acid, for 
there are other organic acids pre.sent in malt, and part of tlm 
acidity is also due to tlie presence of acid pliosphates ; however, 
it suthccs for pur[)0>es of comparison. 

The Ready-Formed Sugars of Malt. — It seems conclusively 
established that maltose and^inv(>rt sugar are invariably present 
in malt, but opinions dilTer as to the presence of ilextrin, maltoie, 
and ratlinose. Kiihnemann seems to have l)eeu the first to detect 
the j)resence of cane sugar in malt.^ ( )'8ullivan found the 
ready-foriiRMl sugars of two barleys and malts to he as follows:— 

Harlfy I. Baiioy II. 



' Before 

Oennination 

After. 

Before 1 

(Jennlnation, 

After. 


Pi-r Cent 

iVr Cent. 

Per Cent. 

Per Cent. 

Cane sugar 

0.9 

4.5 

1.39 

4-50 

Malto.se . 


1 2 


1.98 

(ihico.^e 

l.I 

3-1 

0.62 

1-57 

La; villose . 


0.2 


071 

Total 

. j 2.0 

9.0 

2.01 

8.76 


Ihown and Morris-’ found that the ready-formed sugars of 
Irnrley and malt were distributed in the following manner: 


Barley after 48 luiurn’ Barley after 10 days’ 
steep. I^eriuliiation. 



KmliryoH, 

Kndr>.Hi)enn». 

Eml>ryo 8 

Endosperms. 

Cano sugar 

Invert sugar 

Mallo.se . 

Per Cent 

54 

1.8 

; Per Cent. 

0-3 1 

0.2 1 

■ ... 1 

Per Cent. 

24.2 

1.2 

; ivr Cent. 
2.2 

! 2.2 

4.5 

Total . 

7.2 

; «-5 

25.4 

; «.9 


Jalowetz found in malt, in mldition to the fore-inentionc'l 
sugars, a carbohydrate, whicli hud the same opticity and reducintt 

* Ih.richU'^ viU. p. 202. 

Jotirntil of the Chemical Society, 1886, p. 5 ^* 

’ “Text-Book of the Science ot Brewing,” p. 74 - 
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power awS maltose, but -wbich was unfermentable ; lie also con- 
sidered that he had been able to detect the presen(‘e of dextrin, 
but the results of other investigators render this extnunely 
doubtful. 

Morris^ describes a body which he had found in the uiifer- 
nientable residues of wort and ]>eer, and which reduces Fehling’s 
solution. This he thinks may probably be a iiroduet of enzymic 
action on the cellulose walls of the starch-containing cells of tlu^ 
embryo of the barhyy. 

Import of the Ready-Formed Sugars.— l^foritz and Morris - 
consider that an excess of the ready-formed sugars, or, what is a 
better expi'ession, of the ready-formed carbohydrates, point to 
errors in the malting process, such as forced growth, and also to 
wet loading on the kiln. According to their view’s, these bodies 
should not, except in the* case of V(u-y higlily dried samples, exceed 
16 per cent ; malts containing a liigher jiercentage than this an^ 
stated to “give bad results in brew’ing.” Abnormally low per- 
centages (under 10 per cent) point to insutlicient germination. In 
this w’ay tliey propose to use the estimation of the ready-formed 
caiPohydrates as a test for the. way in w’hicb the malting process 
has beiui carried out, but the utility of the methoii w’as strongly 
controverted by Chapman ami Heron in a disemssion which ensued 
oil the reading of a ])a[)er on this subject by Morris.'^ 

Maltol. — This substance, wliich has Ixam found in ciiramelised 
malts, is chielly interesting because it gives w’ith ferric chloride a 
reaction very similar to that yielded by salicylic, acid, and tliis 
might lead to a mistaki^ ))eing made in the analysis of beer or 
porter for that acid. Maltol does not, how'ever, give th(‘ intensi' 
red coloration with Millon’s reagent w’hich salicylic acid does; 
hence the tw’o can be readily ditlerentiated. Maltol is a crystal- 
line, colourless, odourless, volatile .substance which nndts at 159° C. ; 
it is readily soluble in hot, dillicultly soluble in cold water; very 
solulde in cldoroform, fairly so in alcohol and ether, but nearly 
insoluble in petroleum spirit. It has tin* formula and 

exhibits tin* characters of a wt‘ak acid, forming crystalline salts 
with .several of the alkalies and heavy metals. 

* Journal of the Federated Jnstitutc of lirewintj, 1895, p. 125. 

“Text-ltook of the Science of Brewjnjr,” p. 165. 

^ Journal of the Federated Institute of Breu'iufj^ pp. 239, 241. 
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ARRANGEMENT OF THE PLANT IN A RREWERV. 

In giving a general survey of tlie arrangement of the various 
vessels used in brewing, the type of laewery built ii})on what is 
t<‘rnn‘d the “tower systiun has b(!en chosen, not that il is 
necessarily the best arrangement pos.sil)le, but because it is 
simjilest and most readily understood. It also occupies tlui 
smallest superficial area, and this is a matter of importance wlicii 
the site is limited. 

A “tower or gravitation brewery” is so calle<l IxTause oii(‘ 
jiortion of the building is built at a greater I’levation than the 
lemainder. The li<pi<»r and goods usetl for tln^ brew arc raised 
to the highest storey i>f this elevated poition or “tower,” and 
as the ojieration of brewing pnx'ecds, they gradually descend hy 
gravitation. In this arrangement <-aeh ve'ssel is said to “cdiii- 
niand” the next ii» onhu* of use, and all interm<‘tliat^^ elevation ei 
pumping is avoided. 

The accom|)anving figure 65 illustrates tin* arningenn'iit of n 
moilein brewery t>n this system. In the roof of tin; topniol 
room of the tower is the c<dddicpior l)ack yl, and on tin*, lloor et 
the saiiH! the hot-li<pior back //, also the upper portion of tin* 
grist-case C', by the side of which is se(*n tin; highest part of tk' 
elevator. In the room immediately b»*low are placed tin* lower 
part of tlie grist-case, the mashingoiiachine, the mash-tun 1 ). Gn 
a platform immediately under its floor is the under-back A’, and in 
a room to tin; side, tin* copper F ainl the ho])-back fA Coming' 
back into tbe tower pro))er, we find the cooler //, and immeiliately 
bfdow, the refrigerator, and the malt-case ./. In the lowest roinii 
then; is the malt-mill A, the lowest portion of tin; elevator, tin* 
engine, and the pumps A', situated ov(*r the well. Slightly to tin? 
left are tiie steam-boilers which furnish the steam for heating' 
tin; hot-lifjuor back, tin; copp(U‘, and for driving the engine, la 
the ujij)ermost stor<*y of the portion of tin; brewery to the right 
the storeroom for the malts and hops, on the floor, b(*low the fo- 
menting rounds. The lowermost storey Jorms the lacking-rooiii, 
and is furnished with tin; racking tanks FJ\ 

The tower .system, though it i.s admiiabh; .so far as the actn.i 
proce.s8 of ]m;wing is coiicerne<l, has .sev(;ral di.sadvaniag''s. 
does not ])ermit (»f e.xtension as the business of the brewer} 
crea-ses ; tln-re i.s, as a rule, no room for further (’iilargemeiit *' 
jjlant; and, when tins is re(piired, the. i;rection of an addition 
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tower is necessitated. It i.s also inconvenient for the 1)rewer when 
engaged in the upper ])ortioii of the tower, as his attention is 
frequently rec^uired in other i)arts of tlic brewery. 



Other plans have con.sei|uently been devised to reduce tin- 
*^ight of a brewery, tliough this increases the. extent of surface 
'^'^cupied. In these the wort is elevated at one or more points ; 
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it may, for instance, be pinnped into the copper as it leaves tlic 
niash-tun, the copper being placed at the same or a higher level 
tlian the mash-tnn ; or the wort, as it leaves the hop-back, may he 
pumped into the cooler, whicli in this case may be situated in tli(( 
topmost room of the brewery. This latter is the more preferahlc 
plan, when the wort is only pumped once. 

The height of the brewery may be still further reducf'd, and 
tlie superlicial area on wliich it stands increased, by pumping tlie 
Wort at both these -points, and tliis is the plan most frecpicntly 
found in old breweries. In tinu'S gom' by it was thouglit tliat 
any building could be transbirmed into a brewery, and the result 
of commtmcing witli inappropriate structures, and afterwards 
making alterations in them when increase of business has necessi- 
tated such a course, is the many comidicated and ill-contrived 
breweries so often met witli, where it is impossibh* to apply those 
rules of rigid cleanliness which science has taught to la* so indis- 
pensable in the successful practice of bia^wing, Fortunat(dy at 
the present time, fnmi the etlbrts of a number of architects wlio 
have devoted much attention to the construction of lu’ewerics and 
malt-houses, their general arrangement is now being placed on n 
mucli more scientific and rational basis. 

Cold-Liquop Back.-— This is a large n'ctangular tank, sonii'- 
times made of wood, oftener of llangml cast-iron jdates, the plaiUMl 
flanges of which are boltiMl togetluw. It is. as a rule, placed in tin- 
higliest storey of the brewery, and is occasionally so arranged as to 
form a portion of the roof, 'I'lic wat(‘r from the w(dl is puiniH-d 
directlv into this vessel, which very often acis as a sort of general 
reservoir for the brewery, both brewing and attemperating waltr 
being drawn from it. Su<*h an arrangement can scarcely be recoin 
mende<l ; the refrigerating water is much better drawn directly from 
tlie well, the water of which is mucli cooler in summer than that 
which may have been standing f(»r some hours in the hack. The 
size of the back will depend ujmui wbetber its contents arc to be imi d 
for brewing alone or for both brewing .and refrigerating. In the 
former ca.se, this may b«‘ fixed at the rate of 2 1 barrels jicr quarter 
for the largest number of (piartcrs ev{*r brewed at one time ; in tlie 
latter, five barrels jier (piarter will not be too ample an allowance.. 

Hot-LiqUOP Back. — This is a covered vessel, generally con- 
structed of iron, and which may be either eirenlar or reetangular 
in sh.ape, and is situated at a liiglier levrd tlian tli(3 mash-tiiii- 
To [irevent lo.ss of beat by radiatitin, the back should he either 
lagged with woojI or covered with .some non-conducting inateriid 
Arrangement.s are jiroviiled for heating its cemUmts, and tliese are 
of varioms kind.s. The .simplest plan is an arrangement of per 
forated pipes that allow the admission of stc.uii into the liepior, 
but this, though very elTective, lias several drawbacks, lor in- 
.stance, impurities may l>e carried over with the steam if 
Isdler is fed with dirty water, or if chemicals are used to preveii 
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holier incrustation fortning. If the eni^ine used he a condensing 
one, oil and grease of various descriptions find tln*ir way into the 
])()iler along with the feed water, and these may he traiisjxjrted 
])y the steam into the h(>t-li(pi()r hack, ^^oreove^, the steam whem 
entering the liquor, es[)eeially when the latter is cohl, makes nuicli 
noise and causes a considerahle amount of vihratioii ; contrivances, 
however, are now made wliich ohviah*. these lathu- inconveniences. 
The most common method of heating the contents of a hotdi(pinr 
l)iick is by a coil of copj)er or iron j)i])es placed along the bottom 
of the hack, into which steam is admitted. The st(*am in con- 
densing gives up its heat to the cold lirpior, .and escaju-s as water 
at tlie end of the coil. The coil has a steam-trap attached to its 
farthest extremity, which, while keeping up the steaim ])ressure, 
permits the escape of the comhmsed water. Instead of a coil, 
hi<j;h-pressure Inaiters may he used. 1'hese are cylindrically 
shaped vessels, clos(*d iti top and bottom, through whifh a series of 
tiihes about two inches in iliamete.r pass; into the spate between 
these and the sides of the cylinder steam under pressure is .ad- 
laitted. These an* said to cause a greater cinadation in the hack 
during the heating process than tlu' coil does. 'Wlien the hatter 
is employed, the li((Uor underneath it is apt t(t esca|)e the heating 
[irocess, so that when the outhd pij>e is attach(‘d to the bottom 
of the hack the first portions of the mash liipior drawn off are not 
at the requiiaal tem|)erature. \ thermome.ter bent at right angles 
is inserted into the hack, into which the hull) ])rojects for a short 
distance, whilst that portion which carries the scale stands outside 
and is protected with a case. A chain running over two pulleys, 
with a float attached to one i*nd ami a jxiinter to the other, 
extends from the hot-li(pior hack to a scale in tlie mashing-room, 
upon which is indicated by the ])oinler the (juantity of Ihpior in 
the back. The cover of the hack is eith(*r removal)le or is pro- 
vided with a manhole ; in this way .access is afforded to the 
interior of the ]).ack for (deansing pur[)oses, or for the introduction 
of tlie materials for hardening the licpior where sm h are employed. 

The hot-liquor hack .should he large enough to contain the 
whohi of the liquor n^quired for one hr<*w, and this is generally 
reckoned us six harrels per quarter. It is often made only large 
vnough to contain suflicient li(pior for the mash, the remainder 
tli(} liquor for the brew being heated wliilst the mash is stand- 

on. The former is hy far the more prefer.ahle arrangement, 
«ince when the brewing water contains calcium and magnesium 
rarhoiiates in solution, there is often not suflicimit time to effect 
their removal from the sparge hhpior. 

The Malt-Mill. — This ap))aratiis consists essentially of a pair 
'd smooth rollers, either of steel or eliilh'd cast-iron, mounted on 
'jxh's. Motion is communic.'ited by a strap running over a pulley 
ixed to the end of one of the axles ; at the opposite end of tin* 
axle a tootlied wlieel is fixed, and this gears into a similar 
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toothed wheel fixed on tlie axle of the other roll, by means of 
which inotioii is conveyed to it. The distance between the rolls 
can be regulated with the utmost precision by two set screws 
which act on the axle bearings of one of the rolls. Grooved 
rollers are occasionally employed. These, which cut rather than 
crush the malt grain, an* very etfective in their action, and do not 
powder the malt so much as ordinary rolls. They are, however 
easily damaged by stones, nails, Ac., in the malt, and as they rc(|iiiro 
a special machine to sharpen them, this necessihites their removal 
from the brewery to be sharpened, whilst the ordinary rolls can 
often be refacetl on the premises. 

A large rectangular receptacle of wood or iron, the lower 
l)ortion of which has tlio .sha[)e of an inverted pyramid, is fixed 
immediately above the malt rolls, and this .serves as a receptacle 
for the malt which is about to ))e crushed. The lower portion 
of the hopper terminates in a narrow opening situated some inches 
above the rolls, in which an iron roller, deeply grooved in the 
direction of its length, is ])laced; this .slowly rotates when the 
mill is in action, its object being to secure an even feed to the mill 
and to distribute tlic malt ecpially over the rolls. One side of tla- 
hopper is provided with a slide, worked by a ruck-and-pinioii 
movement, and by varying the distance between the edge of this 
slide and the feetl roller, the quantity of malt j^assing to the rolls 
in a given time can be regulated. The whole of the moving parts 
are ca.'sed in to prevent loss <>f malt-dust, suitable doors beiiii,' 
provided for obtaining access to the various jrarts when necessary 
for cleansing or other purpo.ses. The ])Ost position for the malt- 
mill is directly over the recepfiide knowm a.s the “grist-case,” 
which hohls the ground imilt or “grist.” 

When, owing to the arrangement of the brewery, the grist-casi; 
is situated at a higher lev<d than the malt-mill, a hop])er is attaclicil 
to the undersides of the malt-mill, the, shoot of which communicates 
with the lower portion of an elevating apparatu.s commonly kimwii 
as a “Jacob’s ladder.” Tins machine con.sists of an endless leather 
band, working over two pulleys, one of which is driven by power. 
A number of light metallic buckets are fixed on the band at regular 
intervals ; thf*se scoop up the grist, elevate it to the rccpiired hcigfiit, 
and in turning over tlie top pulley discharge their contents inh^ 
a shoot which leads to the grist-ca.se. The whole is clo.scd in to 
prevent the los.s of malt-<lnst. Should it be re(pnred to move the 
malt in a horizontal direction, a trough, in which an endle.ss screw 
revolves, is used to effect this object. Since both these lattei 
arrangements are apt to separate the more finely ground portion-'' 
of the malt from the husk, and as this is decidedly disadvantageon?) 
these appliances should only he used where it is absolutely inipo^^' 
sible to have the malt-mill placed <lirectly over the grist-case, to 
the same reason a long drop from the malt-mill to the grist-case 
to be avoided. 
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Mfl/lt-Mills in Pdiirs. — A pair of nialt-iiiills fixed side by side 
is a very common and recommendable arrangement, as tlie rolls in 
one of the mills can be set a little closer than those of the other ; 
by passing the smaller malt throiigli the more closely set mill’ 
a more perfect grinding is secured. In tliis case the malt is 
passed through a screen, which generally consists of a revolving 
cylinder jirovided with tliree sets of dillerently sized apertures. 
Through the smallest of these the <lust, dirt, Ac., find their way, 
and fall into an appropriate hopper and retaining-box ; the next set 
of holes are just large enough for the smaller malt to pass through, 
and the remainder of the malt passes through a series of larger 
holes; any large foreign bodies, such as stones, flints, nails, Ac., fall 
out at tlie end of the cylinder. Sometimes, in addition to tliis, 
a set of magnets are so arranged as to remove piieces of iron, such 
as nails, which are frequently found in malt. All these arrange- 
ments are decidedly julvantageous, since they prevent injury to 
the malt-rolls and lessen the dang(*r from explosions. When hard 
substances such as stones, flints, Ac., pass through the rolls, sparks 
are often struck off, which are ajit to ignite the finely divided malt- 
dust suspended in the air of the mill and the various recejitacles. 
This, when ignited, explodes much as a mixture of an inflam- 
mable gas and air does. Various ellective contrivances are now 
made which cut off all connection between the mill and the various 
passages and r(.‘ce[)tacles if the malt-dust becomes ignited. 

Speed. — Afalt-mills should not lie driven at too high a speed, 
or their action becomes too much of a grinding instead of a crmsh- 
ing nature. A speed of about iSo feet )H*r minute for the p>eri- 
pheiy of the rolls is the outside* limit. Thi.<!, with rolls 8 inches 
in diameter, wouhl be nin<*ty revolutions per minute. 

Care in Grinding. — As much of the succ(*ss of the process of 
brewing depends on the way in which malt is ground, considerable 
care should be exerci.sed in this opi'ration. The more liiielv malt is 
ground the more extract it will yield; but, unfortunately, if it is 
too finely ground, serious difficulties ari.se in connection with the 
drainage from the mash-tun. The aim of the brewer should be just 
to hit the happy medium, grinding to such a degree of fineness as 
shall secure him a good yield from his malt, and yet not so tine as 
to involve himself in subscipient drainage ililliculties. Kvery corn 
should be cruslKul, or waste will take jilace, since corns which 
escape crushing yield up little or nothing of their con.^tituents in 
he siibseiiuent ma.shing. Tender, friable malt, especially when 
recently dried, pulverises very readily. Such malt when coarsely 
pound yields u|) its soluble constituents much more perfectly than 
inferior material. 

As a matter of convenience, malt is generally ground the day 
eforo it is to be used, and this length of time should not be 
ceded. Grist absorbs moisture with extreme avidity, and hence 
i‘ipi<lly deteriorates if kept long on hand. 
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Regular Cleaning. — Malt-mills, hoppers, and all other adjuncts 
to the grinding of malt, should be regularly cleansed to remove the 
malt-dust which collects in them. If this is not done regularly, 
the dust becomes damp, and gradually undergoes changes whicli 
render its presenc'c most undesirable in the wort. 

The Grist-Case. — This recejjtaclo is situated immediately 
over the mash-tun, its upper portion is rectangular in form 
and its lower portion shaped like an inverted pyramiel, the sides 
of which should slope at an angle of about 45“, this inclination 
being found best for the regular delivery of the grist. It is made 
either of well-seasoned wood, smoothly planed and with Avell- 
titting joints, or of iron well painted and varnished. Wood is 
the preferable material, since, l)eing a worse conductor of heat 
than iron, the steam rising from the masli-tun is not so liable to 
condeiise upon the grist-case, and form little rills of water which 
often find their way into the inside of the case and its appendages. 
The position of this receptacle will vary according as the iiia.sli- 
ing is entirely [)erformed by rakes or is ell'ected by a mashing- 
machine ; in the former case, its a})ex will be a short distance 
above the level of the tot> of the mash-tun, and a little way inside 
it; in the latter case, its ape.x will ])e a short distance from the 
side of the tun. A slide ti.\ed at its a|)ex allows, when opened, 
the contents of the grist-case to fall either directly into the mash- 
tun or into the mashing-machine. (Jlo.sely litting doors should 
be ]»rovided to att'ord free acce.ss to every j)art of the grist-(:ase for 
(deansing t)ur[)oses. It is especially necessary that those portidiis 
adjoining the slide slujuld be carefully attended to, since malt-dust 
moistened by the (‘onden.s(al vapour from the mash-tun is very apt 
to hjdge on tliese j)arts. 

The Mash- Tun. — This is a cylindriiud vessel (Fig. 66) of 
either wood, coj>j>er, or iron ; in rare cases, of wood limsl with 
copper, closed at the bottom. When constructed of wood, it tapers 
slightly towards the to}), so that the staves may be tightened hy 
driving down the hoo|)s ; when made of iron, its sides are parallel. 
Iron mash-tuns are lagged with wood round the .sides and at 
the bottom, a s})ace being left between the iron and the lagging, 
which is filled with .some non conducting material, such as slag- 
wo(j1, a.sbesto.s, Ac. .Mash-tuns are generally })rovided with thick 
W(joden covers, which for convenience in handling are gmunally 
made in two or mon; })ortion.s. Large tuns are often })rovided 
with a hood-shaped cover, hung on chains, working over })ulh‘ys 
and counterbalanced by weights, so that the hood can be readily 
rai.sed or lowered bodily. In every ca.se the cover should ho 
constructed of non-conducting material, so as to retain the heat in 
the mash-tun a.s much as })o.ssibIe. Thi.s vessel should be })laccd in 
a situation as free frcna draughts as ])ossibl(i, since these tend to carry 
off its heat, and nothing is worse in ]>ractice than what is known 
a« a “ cold ma.sh-tun," that is, one which loses heat rapidly. 
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False Bottom. — At a distance of one and a half to two inches 
above the real bottom of tlie mash-tun is situated the false bottom, 
wliich may bo of copper, or of iron, or of gun-metal, constructed 
ill sections for easy removal. These sections are technically 
spoken of as “ the plates,’’ and, when in position, should lit closely 
together, no interspaces being left open. Iron plates are per- 
forated with holes of from one-sixteenth to one-eighth of an inch 
in diameter, situated at a distance of about one inch from each 
other, their under sides being countersunk. Copper and gun- 
metal i)lates are similarly perforated, or tliey are slotted, i.e. have 
fine slits cut through them. Cave’s patent plates are either made 
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of copper one-eighth of an inch in thickness or of cast-iron three- 
eighths inch thick. Holes of three eighths of an inch in diameter 
are bored at a distance of two inches from each other, and in each 
of these is inserted a thin copper thimble, the top of which is on 
a level with the upper surface of the plate, and is perforated with 
uiue small holes one- thirty-second of an inch in diameter. They 
Kive excellent results in practice, and the contact of the dissimilar 
i^ietuls in the iron plates does not seem to give rise to any dilFiculties 
arising from galvanic action. 

Tile plates, when in position, rest upon small wooden or 
^^letallic supports fixed to the upper side of the real bottom of 
fhe luash-tun, and are firmly secured in their places by bolts 
‘'^nd nuts. 
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Rakes, or Internal Mashing-Machine.— The rakes were 
invented by ^fatterface in 1807, and have with little alteration 
survived to the present day. They consist of a vertical shaft 
A (Fig. 66), which revolves in the axis of the mash-tun, and may 
l)e driven by a bevel wheel either from above or below. When 
driven from above, the shaft works in a footstep fixed to the 
centre of the mash-tun bottom ; but when driven from below, the 
shaft passes through a water-tight stuffing-box in the bottom of 
the mash-tun. About half-way up this shaft is a collar which 
revolves round the shaft, and which carries the gun-m%tal bearin'; 
that sup[)orts one end of a horizontal shaft that carries the rakes, 
A small toothed wheel is fixed to the other end of tliis 
shaft, and this engages with the circular toothed rack A, wliieh 
is bolted to tbe inside of the mash-tun. A toothed bevel wheel, 
F, fixed on the vertical shaft A, transmits motion to a similar 
wheel placed on the horizontal shaft. The rakes (^(rG are fix(Hi 
at right angles to the shaft and ao' arranged around it in 
a s|)iral, so that if tlie shaft be looked at endways, the rakes 
appear like the spokes of a wheel. The }rair of rakes at the ex- 
treme end of each shaft are fixed in a vertical position and do net 
revolve. 

When in acti<m the motion is a .somewhat complicated one. 
.Vs the vertical shaft A turns round, the bevel wheel F moves 
along with it, and rotates the wheel attached to the end of the 
horizontal shaft wliich carries the rakes. The wheel at the other 
end of the shaft engages with the rack A, and causes the hori- 
zontal .shaft and the rakes to slowly revolve round the vertic:il 
.shaft A. Thus the cont<‘nts of the tun are thoroughly rousol 
in every part. The whole apjniratus i.s generally constructed of 
iron, more rarely of gun-metal. In Gonron’s patent rakes the 
eml of each rake i.s expanded into a stirrup-sha})ed form, to the 
horizontal portion of which a jdece of stout sheet indiarubber is 
attacdied. When in action these ela.stic flaj>s sweep the surface "f 
the plates. Their utility, except in special cases, is extremely 
doubtfid. 


External Mashing-Machines.— These were invented to 
ensure a more equable admixture of the hot liquor and grist than 
was ])o.ssible by tlie methods already mentioned. The first machine 
of this cla.ss was invented by Steel in 1853 ; it bears his name and 
i.s the one most frequently u.sed at the present time. The machine 


(Fig, 67) consi.st.s of a horizontal cylinder of iron or cojiper, /i) 
from 3 to 6 feet in length and from 8J to 22 inches in diametci- 
(Jne end of the cylinder is closed with a cap, having in 
centre a stuffing-lxix, through which pas.se8 the shaft B. 
the other end is a ca{>, C\ which closes half the aperture am 
carries the bearing in wliich the end of the shaft turns, t ' 
sliaft i.s revolved by mean.s of the pulley A, and is jirovidcd wi i 
a series of arras, fixed at right angles. The screw blade, A, 



EXTERNAL MASHING MACHINES. 


437 


a slight improvement made to tlic original machine with a view 
to adding to its etticiency. The grist is admitted to the machine 
])y an opening, the supply lieing regulated by a slide which is 
opened or closed by a rack and pinion actuated by the wheel (r. 
The hot liquor is admitted through the aperture A’, a cock being 
placed immediately in front of it to regulate the suj)ply. The 
streams of grist and liquor meet at the end of the cylinder, and 
(luring their passage down it are thoroughly and intimately mixed 
liy the revolving screw and arm.s. The gearing should be so 
arranged that the sliaft makes from 150 to 180 revolutions per 
minute. The machine is extremely rapid in its action; with one 
of the larger machines it is possible to ma.sh 200 quarters of malt 
in twenty minutes. 

A numb(*r of self-acting mashing-macdiincs are also in use. 
Tlio first of tliese was invented by Maitland in 1863, and consists 
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ef an external copper cylinder which enclo.ses an inner copper 
cylinder of smaller diameter, the s[)ace between these being 
closed in at the to[) and bottom. An aj)erture at the side admits 
the hot li(pior to this space, and the grist falls through the in- 
ternal cylinder. This is perforated with a number of line holes 
through which tln^ water rushes, and forms a series of jets which 
impinge against the stream of falling malt. A cross tube situated 
id the lower end of the cylimlcr carries a fairly large jet which 
throws a stream of liipior directly upwards, forming as it were a 
«niall fountain. The grist in its pa.ssago through the machine is 
met by numerous streams of liot liquor which impinge upon it in 
every direction and a thorough admixture ensues. Maitland's 
Jiiachine is rapid and ctficient in its action, and has no moving 
parts to get out of oixler. Southby also invented a self-acting 
Jiiachine, in which the grist falls in a thin layer between two 
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horizontal sets of fine jets of hot liquor. This form requires a 
less head of liquor to work it than the others. 

Appliances for Raising: the Temperature of the 
Mash-Tun. — The simplest of these is a pipe from the hot-liqvior 
l>ack terminating in the bottom of tlie 
mash-tun, and known as the “ underlet.” 
Hot liquor of any required temperature 
can be admitted by its agency iiiulei- 
neath the plates, whence, through tlie 
perforations in the false bottom, it tiiuls 
its way into the tun, with the contents 
of which it can be mixed by the rakes. 
Litpior introduced in this way is teehni- 
cally calUnl “ j)iece liciuor.” 

Coil Under False Bottom. — A copper 
or iron coil is .sometimes introduced 
between the plates and the bottom of 
the mash-tun, by means of which steam 
under pressure can be intr()du(‘ed. This 
has the advantage ov(‘r the underlet of 
^ not diluting the goods, but it is si)me- 
“• what slow in its action. In order to 

H remedy this ilefect, the coil may bo 

'y ]»erforated at its sides with fine holes, 
S to admit steam directly into the mash. 
i The steam, owing to the large amount 
of latent heat which it contaims, acts 
very (piickly, and it is possible in this 
way to raise the contents of tlui mash- 
tnn to the temjierature of boiling water. 
( obviously tliis method can only be eiii- 
ploy<Ml where the steam is uncontanii- 
nated with imjiurities. 

Steam -Plough. —The same object 
can be efiectfMl ]»y the steam-plough 
invented by Gave. It consists of a 
cou[)le of hollow vessels, each of which 
is somewhat similar in shape to a plough- 
sliare, attached to, and revolving with, 
tlie rake-shaft. It is placed dose to the 
fal.se bottom and just clears the rakes as 
it revolves. Steam or hot or cold liquor 
may lie circulated at will through the ])loughs; hence the num i 
can be either heated or cooled down to any desired temperature. 

The Sparge. — This apparatus, shown in the nccompau}iug 
illustration (Fig. 68), consists of a cylindrical copper vessel, techm 
cally called “the basin,” so arranged as to revolve easily round i s 
axis. This is effected cither by mounting the basin on a pivo , 
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or, as shown in the engraving, by means of friction wheels, hearing 
on a small platform attached to the shaft which revolves the rakes, 
or it may he attached directly to the end of the sparge liquor-pipe 
by means of a water-tight gland. A pipe communicating with the 
liot-liqiior tiink, and provided with a tap, terminates just over tlie 
l)asin of the sparge ; this supplies the necessary sparge - liquor. 
The sparge arms (generally two, sometimes three in number) are 
attached near tlie bottom of the basin. These are perforated on 
one side l)y a series of fine hole.^, which should be so arranged that 
the .sparge liquor is distributed equally over the .superficial area of 
the mash. The arms can be removed, and are ahso provided with 
removable caps at their ends, for tl)e purpose of cleansing. As the 
perforations are very liable to become stopped, the sparge requires 
frequent attention ; a sjKirge which works inefficiently is often the 
cause of loss of extract. 

In order to ascertain that the s]\arg(*. is delivering the li(|Uor 
uniformly, a wedge-.shapeil trough, a hsw inches dee}) and made of 
sheet metal, is em|)loyed, its lengtli being half the diameter of the 
jnash-tun, and its sha|)e a .sector of a circle of a similar diameter. 
Tlie large end may be about two f(*et wide*. At equal di.stances of 
about .‘^ix inches each from the jiointetl end, a .series of }:)artitions 
are fixed ; these conform in .shape with the circumferences of a 
series of circles having for their radii the distance from the pointed 
end of the trough to each partition. The s])ace.s between these 
jjartitioiis constitute .so many sej)arate conqiartments. The ap- 
paratus having been })laced on the })lates in the mash-tun, the 
s|)arge is set in action for a short time. It is then stop})ed, and 
the level of the water in the different compartments observed. If 
the s}jarge is working uniformly, the water in all these will be at 
the same level ; if not, the holes in the sjiarge immediately above 
any conqiartment in which it is at a lower level should be slightly 
0})ened, the ojicratioii being re}3eated until all conqiartments are 
equally filled in the .same time. 

The |)rinci|)le of the action of the sjtargc is the same as that of 
the well-known barker’s mill ; the liquid in the s})arge arms tends 
to exert an (*qual ])ressure in all direction.s, but as it is })ermitted 
to e.sca])e at one side* of the arm, a reaction is set up at the op})osite 
side, and this drives the sjiarge rouml. 

The Copper. — (h)]>}3ers are of two princi})al kinds — “ fire- 
copper.s,” i.e. those which are heated directly by fire, and “ steam- 
co|)pors,” which are heated by steam. Gf the former there are 
several varieties, the .simplest being a copper or iron |)an placed 
over a furnace, the Hues from which are carried round the copper 
i^carly to its top. An outlet is })rovided near the bottom, to 
’^vliich a tube is attached which carries the cock for em})tying the 
co})[)er. This j)attern is now nearly obsolete, and is only met with 

f^mall or old-fashioned breweries. 

Fire-Copper. — The most common form of open fire-copper is 
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that shown in tiie annexed li^ure (69), known as the “ 1)ench 
copper.” The lower portion is of the shape of an ordinary pan ; 
at abo\it half-way up it suddenly widens out a few inches, to form 
what is termed the “ bench.” From this the copper is continued 
upwards with parallel .sides. The flues which surround the copper 
are only carried as far a.s the bench ; conse(piently the portion 
above the bench, not 1)eing heated, has, to some extent, a cooling 
action on the wort, which tends to prevent boiling over. 

The dome-copper is, as its name im})lies, covered in with a 
dome, round which there is a sort of tray, which has an outlet into 
the body of the coi)per. At the summit of the dome is a large 
opening, to which is athiclied a wi<le tu])e li to 2 feet in lengtli. 
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When the ro])per is boiling, the communication i.s left open 
between the tray and the copper, and through this the wort, ns 
it boils out at tlie wide, tube, after ])0uring over the sides of the 
dome and falling into the tray, finds its way back into the in- 
terior of the copper. When the wort has finished boiling tin' 
heat is slackened, the plug fixed in its jdace, and a .second batch 
of wort may be ]daced in the tray, which will be heated to sonic 
extent before being allowed to pass into tin*, copper. This heated 
wort is also ready for immediately running into the copper ns 
soon as the other wort is out, to “save the copper,” tliat i-S 0 
jirevent the bottom from lieing burnt. 

Coppers are .sometimes pirovided with a strainer for keeping 
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back the hops wlien the vessel is emptied ; l)ut this is not an 
arrangement which can be recommended, as tlie strainer soon 
becomes more or less blocked, and conserpiently the cop})er empties 
itself very slowly. 

Steam -Coppers. — These diller considera])ly in shape from 
fire-coppers. The bottom is bellied outwards, and is made of 
considerable thickness to witlistand the pressure of the steam 
(Fig. 69a). The sides may, as shown in the figure, be carried 
straight up or they may slightly taper outwards. Attached to and 
suiTOunding the bottom of the copjier there is an iron dome, 
which is somewhat larger in size, .so that a cavity of from three 



or four inches, 7^, is left between its interior and the bottom of 
the copper. Into this high-]>ressure steam is admitte'i l)y a cock, 
b', an air-tap being jirovided to allow tlie imprisoned air t<^ escape 
'vhen steam is turned on. This is a very necessary })rccaution. 
since, as air is so higldy expansilde by heat, if its exit were not 
amply ])rovide<l for an exi)losion might occur. A pipe for carry- 
ing off the condemsod water passes from the bottom of the steam- 
jacket to the steam-tra]), 7), which latter permits the water to 
escape but holds back the steam. The wort-pipe, A’, passes 
through the centre of the copper bottom. The steam-copper 
possesses several distinct advantages over the older fire-copt)er. 
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It can be heated up before the introduction of the wort, and the 
wort quickly raised to a teiupcratiire winch puts an end to all 
further diastatic action. The readiness witli whicli the heat 
can be applied or arrested is a point very much in its favour. 
It is also vastly more economical ; a fire-copper, according to 
Professor Schwackhofer,' only utilises about 30 per cent, of the 
available heat of the fuel consumed, while a steam-copper utilises 
70 per cent., ami thus a saving of more than half the fuel em- 
ployed is effected. 

Hop-Back. — This vessel is required in all cases where the 
copper is not [uovided with a strainer. It may be constructed of 
wood or of iron, and its sha})e be either rectangular or circular. 
At a short distance from the l)ottom a false bottom of ])erforated 
plates is provided to ke(‘p l)ack the hops. The hop-back is placed 
at a lower level than the copper. A series of drainage pipes pro- 
ceed from holes distributed at equal distances in the bottom of the 
back to the cooler, or to the }mm})s which raise the wort into 
the cooler. Circular hoj)-l)iicks are often provided with a sparge 
something similar to the one in the mash-tun, through which hot 
liquor is s})arged on the ho[)s to remove the wort held back by 
them. 

Cooler. — This is a large, shallow, rectangular vo.sscl of wood, 
iron, or co{)per. It is placed in a room in the brewery to which 
air can be admitted from all sides, for w’hich purpose th(i windows 
are i)rovided with louvre boards. This ex})Osure to a free current 
of air ensures rapid cooling. 

Refrigerator. — This apparatus is made in many different 
forms, that most commonly employe<l being the vertical one, 
which, in all its variations, is but a modification of the refrige- 
rator invented by Baudelot over tw'enty years ago. In its original 
8ha[)e it consists of two upright iron standards, between which 
a number of horizontal circular copper tul)es are fixed, having 
attached to their umler sides narrow strips of sheet copper, the 
lower borders of which arc cut zigzag something like the teeth 
of a saw. The cold liquor i.s admitted into the h)Nve8t tube, from 
this it pas.ses to the tube immediately above, and .so on, until at 
last it emerg«*s from the uppermost tube. The wort is introduceil 
into a trough place<l at the top of the aj)paratu8 and ])erforatcd 
with a series of fine hole.s. Through the.se the wort flows on to 
the first tube in a thin layer; after passing over this tube it falls 
on Uj the next, and so on until at last it reaches the trough in 
which the a|)paratus stands, from whence a pipe conveys it to 
the fennenting ve.ssel. The toothed strips attached to the lower 
side of each of the tubes secure an ecjual distribution of the wort. 

In the more modern varieties of this apparatus the tul)es arc 
made oval instead of circular in section, thus providing a larger 
cooling surface, and are soldered into openings in the uprights, 

^ yi/l. Anzeif/er /. lirau., 1896, p. 1209. 
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wliich ure in this case made of gun-metal. On the exterior of the 
uprights are fixed a series of removable caps, which can be removed 
so that the tubes may be cleaned out periodically, an operation 
which is frequently necessary when the water used for cooling 
purposes is at all dirty or contains much acid carbonate of lime in 
solution. In another variety (the Laurence) the cooling liquor 
passes between two sheets of co|)per worked into a zigzag form. 
A series of removable ca])s give access to the interior of the aj)- 
paratus for cleaning, which is eflected by a peculiar-shaped brush. 
The whole machine is fixed on trunnions, and can be turned bodily 
over. Jn another (Shear's) the tubes are arranged in the form of 
a circle, the whole ai>parauis having tlie appearance of a vertical 
cylinder. 

Horizontal Refrigerators. — When Inught is a consideration, 
a refrigerator of the horizontal pattern must be used. This has 
the form of a shallow rectangular trough, divided at intervals by a 
miml)er of partitions, through (aicli of which passes a horizontal 
tube of rectangular section with rounded corners, through which 
the cold li(iuor j)assos. Kach tube occupies the centre of a division, 
a small s]>ace being left between tin? underside of the tul)e and the 
bottom of the trough. Tin* wort Hows into tlie first division, 
passes underneath the horizontal tiilx*, and, on reaching the level 
of the top of the partition, passes over into the next division, 
and so on, until, having ])assed tin* last division, it escapes into 
the wort main. The refrigerator is set at a slight inclination, 
being highest at the end where the wort runs in. Horizontal 
refrigerators are much more difficult to clean than vertical ones, 
since those parts through which the wort passes are so much more 
inaccessible. 

The (plant ity of refrigerating liquor r(*quiied to cool each 
barrel of wort varies with the temperature of the wort to be 
cooled, the temperature of tin* li(pior, Ac,, from two to six barrels, 
or even nnu’c ; horizontal refrigerators are said to consume about 
twice as much cold water as vertical. In breweries provided with 
ail ice-machine, cold lirine is passed through the lowermost half- 
dozen or so of the tubes of the refrigerator, which are provided 
witli a se])arate inlet and outlet. 

Collectings Vessel.- in some hreweries a separate vessel is 
ja’ovided in which the wort, after being cooled in tin* refrigerator, 
is collected, lint more often the fermenting vats themselves are 
used as the collecting ve.ssels. Where separate collecting vessels 
are employed, they are constructed in the same form and of the 
same materials as the fermenting vats. AVhere the collecting 
vessel is provided, the wort must, aec'ording to the excise regula- 
tion, remain in it for at least twelve hours after collection. 

Vessels for Priming’s, &c. — Ill breweries where it is the 
custom to add syrup or wort to the ale when in cask, or in other 
Words to “prime,” a special ve.ssel must be provided for such 



444 ARRANGEJMENT OF PLANT IN A BREWERY. 


fluids. In tlu'se the excise otlicer takes the gravity and dip when 
filled, and afterwards the dip from day to day. Where a solution 
of caramel is nsed for colouring piirj)oses, a similar vessel must 
also he provided for it. 

Fermenting^ Vessels. — Many materials have been employed 
from time to time in the construction of fermenting vessels, such 
as glazed bricks and tiles, brick lined with glass plates, wooden 
vessels lined with lead or copper, enamelled iron plates, 
None of these have stood the test of experience, and now-a days 
tiie material chiefly used is wood, though in some parts of the 
country stone is extensively employed, and slate is also used to a 
limited extent. One of the primdpal points with reference to the 
material used in the <‘onstiaiction of a fermenting vessel is that it 
should be capal)Ie of being worked to a fine smooth surface, and 
retain this during usage, as such a surface jKU’mits of the vessel 
being re;idily cleansed. 'Hie material used in construction should 
also be al)le to l)ear the heat of ])oiling watt'r without being Iial)l(- 
to fracture, since the destructive action t)f lie;it is one of tln^ chicd 
agencies relied on in the brewery for keeping micro-organisms in 
check. 

Fermenting vats are generally made either rouml or srpiare ; 
occasionally oval. The first of thcs<? are te(dinically known as 
“ roumls,” the second as “sipiares.” Rounds are l)iiilt of staves 
hehl together by iron hoo})s, and are, as a rule, made of oak. 
They are open at the top, and arc carried up some two or three 
fe(‘t higher than the level of the surfa(‘e of the wort fermented 
in them, this extra spacM* being provided for tln^ yeast. On one 
side, at a distance; of a few inch«‘s above the wort level, an 
opening of about thirty inches s<|uare is made, so as to ])ermit of 
access to the tun. This, during tlie fernnuitation, is (dosed with 
a number of loo.se board.s fitting into grooves, which serve to retain 
the yeast. 

S(piares are constructed of planks .sonn; two and a lialf to 
three imdies in thickne.ss ; they are. Ixdtetl together with iron 
bolts let into tin; thickne.sse.s of tin; W'ood. They are generally 
made of fir, .sometinu'.s of oak, and in recent times American 
cedar has been much (unployed. The sides of the squan;, like 
those of the round, arc several feet higln'r than the level of 
the wort to be fermented in it ; oin; of them is similarly pro- 
vided with an opening which (;an be (dos«;d with loose boards. 
Ve.s.sel.s of oak or fir retpiire sea.soning Ix'-fore use. This, with 
oak ve.s.sel.s, is a very simple matt(;r; they only require to l>e 
scalded out s(;veral times with boiling waiter. As fir-wood con- 
taims a considenibh; amount (»f re.sin, this must be jiartially 
removed before the vat is Ijrought into use. Houthby recommend'^ 
that such ve.s.sels be first filled with boiling w'ater, which is run 
off the next day. The vat is then to he whitewashed out with a 
mixture of ih Ih.s. of chloride of lime to each gallon of watci. 
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After this coating lias remained on for twenty-four hours, the vat 
is washed out with a mixture of one part of hydrochloric acid 
(spirit of salt) and four parts of water. It is then washed out 
several times with boiling water, and finally painted out with an 
ordinary solution of bisulphite of lime to remove the last traces 
of chlorine. American cedar has the advantage that it requires 
no seasoning, but may be used straight away after being well 
scrubljed out. 

In those jjarts of the country where the stone square system 
of fermentation i.s almost exclusively employed, the fermenting 
vats are constructed for the most ])art of large slabs of hard, 
impervious stone ; but, as material of the right quality is some- 
what dilhcult to obtain, a softer stone is often em})loycd. This 
is objectionable, since by use its surface becomes, in course of 
time, rougli, and cannot lie ])roperly cleansed. Slate is now 
beginning to take the })laee of stone in the construction of the 
Yorkshire sijuares ; it pr(!serves a much better surface during 
wear. 

The stone square (Fig. 70) differs materially from the wood 
square in having a .second scpiare built round it through which cold or 
warm water may be passed ; it acts as an attein])erator. The siiles 
and l)ottom consist of single slabs of stone, which are fitted 
together by means of groove.s, tin; joints being nmdered water-tight 
with cement, >vhile a number of iron bolts .serve to retain the slabs 
ill positioiL Since the winght of a stone sipiare is very great, it 
is supported on a pillar of ma.sonry. The water-jacket, (7, is con- 
structed in a similar manner liy four slabs of stone of such a 
size that a space of about 2 inches is left betwa^en its internal 
surface and the outside of the square projier, and its sides are 3 or 
4 inches lower in height than those of the s<juare itself, so [is to 
allow the atteinpeniting water to run away. The sqiuire proper, 
A, is covered over with another slab having a circukir aperture (the 
“ lUiin-hole ”) of 18 inches in diameter, which is surrounded with a 
stone ring some 5 or 6 inches high, on which a stone lid provided 
with a handle tits. In one of the corners of the covering slab is 
another opening situated a few inches from eiudi nf the sides and 
about 3 inches in diani(;l(*r, provided with a brass valve, A’, to which 
a chain is attached. Fiaun the under side of the valve a tube, 77, 
extends to within a few inches of the bottom of tlie S(piare ; this 
is technically know'ii as the “organ-pipe.” Upon the upper side 
of the covering slab is placed the yeast-trough, />, constructed of 
four stone slabs. It has the .same superficial area as the square, 
and a depth of from 24 to 30 inches. A pump is one of the 
necesvsary adjuncts to a stone s(]uare. It is of the sinijdest pos- 
sible construction, made of tinned copjier and of one uniform size 
(3 inches) in diameter, and with a stroke of 6 inches. When the 
square has been put togtdher, it is carefully pointed out with 
cement, so that no criuinies are left where yeast or other organic 
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matter may be retained; and the pointing should be iiispected 
every few months, to see that it remains intaet, for, if it becomes 
defective, troubles are certain to make their appearance in the 

SlaL is now beginning to replace stone to a certain extent in 
the construction of this particular form of s.pmre, which, when 
made of this material, is generally not provuhnl with a watu- 
iacket, an ordinary attemperator being fitted inside instead. Slate 
possesses the advantage of having a smoother surface than stone, 



Fia. 70.— Vorkwhlre Stomi S<i\iare. 

; /;, y.a,t.t,„u»h ; C, w^ter-jackol ; U, .,r«an.pipu ; K. valve. 

Int il h'ls tl.p aisiulvantfit-p of Ijoiiig n letter comluctor of heal, 
,ul ll’Zuenlly the wort".! .uch uaro is mud. ...ore s.. hjeel 
‘to tl..' intlu.uice of diaiig.-'S of tomiieraturo m tha ..xternal at.m.s 
nh.>re .Slat., will iK.t hear the apiilicatiou ol boiling wato 
iteam without era, .king or splitting, ami it ! 

f>e sterilised by those agents. It is also readily atUckeil ny 
Siurous S ami the acid sulphites, ami the only 
[his nature which can be employe.l is the neutral ^ 

with which the insi.le of the s.piare may be ""•‘''■0"'**'“, V , 
deUit of ottloititn oxalate is liable to form on its surface, winch 
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somewhat difficult to remove; rubbing with a soft brick or the 
application of a strong solution of caustic potash or soda form the 
best methods for removing this. 

Fermenting squares constructed of iron plates are not unknown; 
they are only employed in the production of black beers. 

Outlets. — In fermenting vats worked on the skimming system, 
the outlet or outlets must be so arranged that the beer can be 
drawn off without disturbing the yeast, which invariably deposits 
to a certain extent on the bottom of the tun. This may be effected 
by having two cocks, one at the side some 3 or 4 inches above the 
floor of the tun, from whicli tlie clear beer is raked off into the 
trade casks, the other fixed into the bottom of the vat, and by 
this the remainder of the beer is drawn off into vessels where 
it may settle or into filter-backs. A single outlet may be pro- 
vided at the bottom of the tun, through which a tube, having the 
cock at its lower extremity, slides through a stufTing-box. As 
soon as tin; beer lias been drawn off to the level of the top of the 
tube, this is gradually lowered little by little as lung as the beer 
runs bright. When yeast liegins to appear, the tube is drawn 
down to its fullest extent, and the thick bottoms treated in the 
manner just descrilied. 

Loose Pieces. — In brew^eries where the cleansing system of 
fermentation is employed, the wcu’t, after having been fermented 
to a cerUiin stage in the square or round, is run olf into a series of 
casks or puncheons which hold from three to four barrels each. 
These are provided with the usual Imng and tap holes, and are 
fdaced on long troughs calle<l “stillions,” which catcli the yeast 
th;it escapes from tlie bung-hole and runs down the side of the 
cask. The loose pieces are inclined a little to one side, so that 
the yeast may run down one side of the piece. In some cases 
the trade casks — that is, the casks in wdiich the ale is sent out 
to the customers — are used for this purpose. Under this system 
the yeast has to run down the side of the cask, and this is olivi- 
ou.sly objectionable on the score of cleanliness. Various methods 
have been tried to overcome this faulty arrangement, such, for 
instance, as the em])loyment of short, conical tinnetl pipes, which 
can be inserted w'ater-tight into the bung-hole of each loose piece, 
and the upper end of which can be clo.sed by a wooden plug. To 
the side of each conical tube there is fixed at right angles a pipe 
nf about 2 inches in diameter, hmg enough to project over the end 
of the piece, and bent at its extreme end to a right angle. In this 
case the yeast trough is placed in front of the pieces, and may be 
loade to serve for two adjacent and parallel sets ; the pieces are 
filled up through the conical tube. When em})tied, the |)ieces 
cun be removed to the cask-washing department and treated there ; 
this avoids the introduction of the large (piantities of boiling water 
into the fermenting-room which is necessary in the system about 
to be described. 
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Burton Unions. — These are eonsidered by many to be the 
higliest development of the cleansing system. In it, as represented 
in Fig. 71, the casks, which are of about four barrels’ capacity, are 
permanently mounted on tall wooden stands, to which they are 
slung l)y means of two axles, omj attached to each head. These 
work in bearings, and jan'init the cask to be rotated on its axis, for 
which purpose one of the heads of the trunnions is made square, so 
that a handle may be attacheil to it when necessary. The bung-hole 
of each cjisk is }>rovided with a conical brass socket, into wliieh 
lits a hollow brass plug, carrying a pipe to convey away the yeast. 
This is called the “ swan neck,” and consists of a tinned copper 

tube, which, after being carrie(l 
up vertically a foot and a lialf or 
two feet, makes a turn of half 
a circle, and curves over into 
a long wooden trough, whieli 
extends l)etween the two rows 
of adjacent casks, and is called 
the “yeast trough.” At one end 
of this anotlit'r vessel is fixed, 
called the “feed trough,” which 
has a capacity of live or six 
barrels. A tap is fixed into the 
Ki .. 71. -iairi..n i iii-.n bottom of this, from which a 

pi[*e of about two inches in 
diameter proceeds, extending in front of each row of unions, and 
giving off a short Inanch to each cask, with which it can be connected 
by means of a union joint to a tap permanently tixe<l in the head of the 
cask. Another Cock is fixed in ea<di cask exactly oi)j)osite tin*, bung 
hole, and is provided with a short tube which ]H’ojects some litth* 
distance inside the cask, and which can be raised or loweretl hv 
means of a screw. This serves for the removal of tin; fermented 
lH;er, and, as the tulx; communicating with the taj) is some little 
heiglit above the bottom, it serves to hohl back the bottoms. When 
a set of unions are cleansfai, the sw'an-necks are first removed 
and the feed-pipe communications unscrewed ; the handle is then 
attached to ea<;h cask in turn, boiling water poured into it, and the 
cask rotated on its axis ; this is an objectionable feature in the 
system, for the introduction of large (piantities of hot water into 
the fermenting-rooin necessarily raises its temp(;rature. 

AttemperatOPS. — These are of two varieties, fixed and loose. 
The form(*r consists of a coil of tinned cojqier which runs round 
the inside of the ferrnenting-vat, to the sides of which it is lixe< 
by gun-mebd brackets, which support it at such a distance from 
the sides of the vat as to afford sufficient room for cleaning pm- 
po.ses. The first round of tlie coil runs just under the surface 0 
the wort ; each succeeding turn is about six or eight inches lowm 
than the preceding one, and, being siH)portcd on a longer brae 'c , 
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stands out an inch or two fartlier into the tun. Cold water enters 
through the regulating tap at the upper extremity of tlie coil. 
The other extremity turns upwards on its exit fiom the vat, 
and is carried up to a level a few inches higher than the upper- 
most round of the coil, so that the whole of the attemperator 
is kept completely filled when in action. The end of the pii)e 
then turns over into the funnel communicating with the waste- 
pipe, and this portion of the apparatus is placed in such a position 
that the person regulating the supply can readily see the quantity 
of water running away. 

The movable attemperator is a flat coil of pipe, either fixed in 
a wooden frame, or, what is better, held together by metal connec- 
tions. It is suspended by chains, by means of which it can be 
lowered or raised. The communication with the water supply and 
waste-pipe are made w'itli indi;irubber tubes. Sometimes this kind 
of attemperator, es[)ecially wheh it is to be used in long, narrow 
tuns, takes the form of a gridiron, the pipe being bent liack wards 
and forwards. In any ca.se, the apparatus should be easily remov- 
able from its attachments, .so that it can be taken down and thor- 
oughly cleaned. According to Southby, fifty-five square inches 
of cooling surface are reqi^red to each liarrel of wort when w'ork- 
ing on the skimming .system. This will be, where a one-inch pipe 
is employed, one and a half feet, or one foot where the pipe is 
one and a half inches in diameter. 

Arrangements for the Removal of Yeast. — Small 

squares or rounds are often skimmed by hand with an appliance 
.something like that lused for .skimming milk, but when tlie fer- 
menting ve.ssel is of any .size the operation becomes tedious and 
trouble.some, and some form of mechanical skimming is neces- 
.sary. In rounds, the removal of the yeast is ellected by one of 
the two forms of “ parachute” and .skimming-board. The first of 
these con.sists of a funnel attached to a jiipe which passes througli a 
packed gland fixed in the bottom of the tun. By an arrangement 
of rack-and-pinion work the mouth of the parachute can be moved 
upwards or downwards ; it is placet! aluiut half an inch higher 
than the level of the wort. A valve is fixed in the throat of the 
funnel, to which a chain is attachetl. The parachute is placed in 
the centre of the round, ami the skimming-board, which in this 
ca.se is a strip of sheet-metal about .six inches broad, takes the 
form of a helix mounted on an axle situated in the axis of the 
tun. The skimming-lmard, like the parachute itself, is provided 
with an arrangement by which it can be raised or lowered, and 
also another for rotating it. The board is placed in such a position 
that its lower edge just touches the surface of the wort, and in 
the course of a revolution in one direction it brings the yeast 
from the sides into the centre ; the yemst then falls into thg 
mouth of the parachute. In the second and more usual form, 
illustrated in Fig. 72, the funnel has the shape of a small sector 
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of a circle, aiul extends from the centre to the circumference of 
the tun, the pipe from it having an eccentric position. The 
skimming -hoard in this case is straiglit, a little shorter than 
the radius of the tun, and is attaclied hy one of its extremities 
to an axle rotating in the axis of the tun. In a single sweep 
round it pushes the yeast before it into the mouth of the para- 
chute. Arrangements for raising and lowering the parachute 



and skiinming-board are provided ; also a valve in the throat of 
the former. Tlie paracliute arrangement is sometimes applied to 
squares. In this case the funnel lia-s the shape of a long thin 
parallelogram, situated at one end of the vessel. The skimming- 
Ix^ard is straight, and moves on a travelling carriage, and in its 
pa.ssage from the end of the tun farthest from the jiaracliu e 
pushes the yeast ladore it into this apparatus. Squares are some 
times provided with a yeast-sluice, wliich consists of a Hat plate o 
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wood or metal having a projecting lip. This is fixed against an 
opening cut out at tlie top of one of the sides of tlie square, 
arrangements being provided by which it can be raised and 
lowered. A strip of indiarubber between the sluice-board and 
the side of the square renders the wliole water-tight. 

R0US6rS and AePatOPS. — The yeast is mixed into the wort 
by hand-rousers, each of which consists of a piece of flat ])oard 
with a hole in its centre by means of which it ’is attached to the 
end of a long wooden handle. A simple contrivance for rousing 
and aerating at the same time consists of a small cask of about 
three gallons capacity, with both its ends removed, and having a 
number of holes bored through its sides. It is weighted with 
lead so as to sink readily, and suspended by a rope passing over 
a pulley. The cask is let down into the fermenting wort and 
pulled up suddenly to a short distance above its surface ; by 
r(q)eating this several times, a very efiicient rousing and aeration 
is secured. 

There are numerous forms of rousing apparatus worked by 
power, such as an arrangement similar to the screw propeller of 
a ship, a curreirt of air forced in by a punq) or bellows, or a 
centrifugal pump, which draws the wort from the bottom of the 
tun and delivers it at some height above the surface of the wort. 
The extremity of the delivery jhpe may be made to terminate in 
a rose with fairly large holes ; this divides the wort into a number 
of small streams, and secures an almndant ai*ration. By causing 
the pump to turn in the contrary direction, air may be forced into 
the wort. 

Racking Squapes. — Beers brewe<l on the skimming or 
cleansing system are often not racked otf directly from the fer- 
menting vessels, but run into a vessel which may be large eno\igh 
to hold two brewings. These may be made of wood or of slate, 
the latter being much the better material for the purpose. They 
should not be a])ove four feet dee}), and should be lixed at such a 
height that the largest casks can be filled from them conveniently. 
A number of taps are inserted in the front of the racking square 
a few inches above the bottom ; and to these, lengths of india- 
rubber hose are attached long enough to reach to the bottoms of 
the casks to be filled. To the end of each piece of ho.se a racking 
tap is often attacheil, the nozzle of which has a length of metal 
tube attached, sulficiently long to reacli tlie bottom of the cask. 
When a number of small casks are being filled, a certain amount 
of succussion takes place in tlie ho.se each time the racking tap is 
closed, which being transmitted to the beer in the tank, ilisturbs 
the yeast. This may he avoided by placing an intermediary 
yessel between the racking tank and the hose, the wort flowing 
into this vessel from tlie tank througb a ball-cock. 

Vats and Casks.— The large vats for storing })ur})Oses are 
^ade of the .best English oak, lioo}ied with iron. Since they are 
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subject to the attacks of a fungus which causes dry rot, they 
should l^e examined periodically, and measures for the eradication 
of the fungus taken as soon as its presence is detected. 

The trade casks are generally made of foreign oak, occasionally 
of English. The best quality of foreign oak comes from Meniel, 
the next best from Dantzic, other kinds from Odessa, Blumeza, 
and Riga. Ale casks have been constructed from time immemorial 
of wood, which is a substance of a porous nature, into the inter- 
stices of which bacterial and other minute organisms are ex- 
tremely liable to ellect an entrance. When certain s])ecies of 
these organisms have, in this way, invailed the sul)stance of the 
wood, it is next to impossible to effect their removal. A cask 
so attacked is known as a “.stinker,” in which condition it is 
completely useless for the carriage of beer. Gn the Continent 
the casks are coated internally with a peculiar kind of pitch, so 
that the beer never comes into actual contact with the wood. 
Probably in the future some mabu-ial which does not take up 
impurities so readily as wood will be employed in the construe- 
tion of brewery casks, such as steel lined with tin, or wood with 
a lining of some indifferent metal. 



CHAPTER IX. 


ESTIMATION OF THE QIJANTITIES OF MATERIALS FOR 
THE BREW. 


Bkfore commencing the operation of brewing, it is necessary to 
calculate, or, in other words, work out the quantity of materials 
which will give the required quantity of beer of the desired 
gravity. This is a very sim})le matter, and it is here that the 
great convenience of the expression “brewers’ pounds of extract” 
is seen. All that has to be done is to reckon up the total number 
of pounds of brewers’ extract which will be contained in the 
number of barrels of beer, or, as it is generally called, “in the 
length of the brew,” and then to reckon up the (piantity of malt, 
or of malt and malt-substitutes, which will be n^qiiired to furnish 
this amount of extract. 


Suppose, for exam])le, we wish to brew 150 barrels of beer at 
a specific gravity of 1050. Converting this into brewers’ pounds 
(1050 - 1000 X 0.36 = 18), we find that 18 lbs. per barrel corre- 
sponds to a specific gravity of 1050. The number of barrels in the 
length to be produced is then midtiplied by the number of pounds of 
extract (150 x 18 - 2700); thus we find tlie total number of pounds 
re(piired will be 2700. If the brew is to be entirely from malt, 
the actual yield of extract p<‘r quarter of which wo do not know, 
we take the average yield of malt, which is about 86 lbs. per 
quarter. Dividing the 2700 by 86, w'e obtain 31.395 quarters, and 
°*395 ^ 8 - 3. 16, or a trifle over three bushels. The quantity to be 
entered in the Excise-book will be therefore 31 quarters 3 l)ushels, if 
the malt weighs 42 ll)s. to the brnshel. If it does not, then its weight 
must be calculated into bushels of 42 lbs. weight Suppose the malt 
only weighs 40 lbs,, then, as 42:40: : 31.395 : 29.9, or it will be en- 
tered as 29 quarters 7 l.uishels. If a })ortion of the extract is to be 
derived from sugar, then this annuintmust be deducted from the total 
amount required for the brewx Supjmse, in the foregoing brew, one- 
fifth of the extract is to be ol)tained from sugar, then, as 2700 5 

= 540 lbs. of extract is to be derived from sugar, consequently 
2700 - 540 = 2 160 will have to come from malt— that is, 2 160 86 
= 25.12, or 25 quarters 9.J bushels will ]ye required. If the sugar 
give.s 35 lbs. of extract per cwt., then 540 35 = 15.42 cwts. This 

figure, multiplied by 1 12, gives 1727 lbs. (which is the quantity to 


mi entered in the Excise-book), or 15 cwts. 47 lbs. 

When several beers of dillerent gravities have to be produced 
from one mashing, or, in other w'ords, the 'wort to 1 :k 3 divided into 
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“ party gyles,” the calculation is made in a similar manner. Sup- 
posing that three different beers have to be produced with one 
mash, say 8o barrels at 24 lbs., 60 at 20 lbs., and 50 at 14 lbs,, 
then the total extract reipiired will be 80 x 24 + 60 x 20 + 50 
X 14 = 1920 + 1200 + 700 = 3820. From this amount the 
malt, or malt and sugar, required is calculated as before. When 
gelatinised materials, such as flaked rice or maize, are to be em- 
ployed, since these yield extracts of from 100 to 105 lbs, per 
quarter of 336 lbs.,‘ a corresponding allowance must be made. 
Thus, suppose 520 lbs. of tlie extract of the brew are to be ol)- 
tained from flaked maize, yielding an extract of 104 lbs. per quarter, 
520 -f- 104 = 5 quarters (1680 lbs.) will be required. Thi.s, under 
the new regulations, has to be entered in tlie Excise-book in the 
proper column for prepared grain. As, however, maize is bought 
by the cwt., and also used in the brewery 1)y weiglit, the 5 (piarters 
will have to be calculated into cwts., and as there are 3 cwts. to 
the quarter, the number is simply multiplied by 3. 

Calculation of the Amount of Liquor required for 

the Brew. — As there are several sources of loss of li(pior on its 
way from the hot-liquor back to its ultimate destination, the fer- 
menting vat, much more liquor is needed for a brew than the actual 
quantity, or the length, of the wort which is to be collected. For 
in.stance, we commence in the mash-tun witli dry malt and leave off 
with wet grains ; these absorb on an average from 28 to 30 gallons 
of liquor for every quarter of malt u.sed. In the subsequent boiling 
which ensues in tlie coi>per, a further quantity of liquor is lost by 
evaporation, and this differs consideiably, acconling to the .‘^hapo of 
the copjKjr, the vigour of the ebullition, the state of humidity of 
the atmosphere, Ax. ; as an average, 8 per cenl. per hour may be 
set down for thi.s. The wort, when on the cooler, also loses water 
by evaporation, and to a slight extent also in its passage over the 
refrigerator; the.se two .sources of lo.ss may be taken collectively at 
about another 8 per cent Some little, al»out 2 per cent., remains 
adherent to the various ve.sstds it pas.'^e.s through. Finally, there 
i.s the liquor retained by the hops, which may be .set down at about 
ij barrels for each 100 Ib.s. of hop.s, or a little over half a gallon 
for each pound. The total amount of licpior lost by evapora- 
tion from copper, cooler, and refrigerator, and adhering to vessels, 
prop^jrtionate to the length of a brew, after being once avscer- 
tained, will be found to be tolerably constant for each brewery ; 
as a rule, it averages about 30 per cent. The other two, the 
liquor al^orbed by the malt and by the hop.s, will naturally vary 
with the resj>ective quantities of each employed in different brews. 
Taking, as an example, a brewing in which 75 barrels of wort, 
of the gravity of 17 lbs. (sp. gr., 1047), collected in 

the fermenting ve8.sei8, ^nd in which hops are to be used at the 
rate of 8 lbs. per quarter of malt, taking malt which yields 85 lbs. 
extract per quarter, the numl)er of quarters required will bo 15? 



455 


HEATING THE JMASH LIQUOR. 

and 15 X 8 = 120, the number of pounds of hops required. The 
15 quarters of malt will absorb 15 x 30 = 450 gallons, or 
12 j barrels of liquor, and the hops will retain 120 x 0.0175 = 
2.10 barrels nearly. The loss from these two sources amounts, 
therefore, to 14.6 barrels, beyond this, there is the further loss 
of say 30 per cent, on the 75 l)arrels of wort re((uired, which is 
found by multiplying 75 by 0.30, and gives 22 \ barrels. This, 
with the 14.6 mentioned before = 47.1 barrels, and with another 
6 barrels for contingencies, together with the 75 barrels of 
finished wort, will give a total of 128 barrels. 

Heating the Mash Liquor, — in all properly arranged 
brew'eries, a hot-liquor back is [irovided in which water for the 
mash is heated by steam. ^ Although, theoretically, it is not 
iiece.ssary to raise the temperatiine of the mash liquor beyond 
some 25“ or 30“ Jibove that at which it is actually required to 
enter the mashing-maciiine, it has been found by practical experi- 
ence always best to boil the liquor for a (piarter or half an hour. 
The contents of the hot-li(pior back are heated by steam, which 
may either pass through a ci)!!, or, in breweries where the steam 
is perfectly free from contamination, it may be l)lown directly into 
the water; or, as it is termed, tlie li((uor may be heated by 
“naked steam.” The l)oilirig of the mash li([Uor generally takes 
place on the evening })efore knowing, and during the night it will 
have cooled down to a lower temi)erature than that rctpiireil for 
mashing; steam is therefore turned on for short time in order 
to bring the licpior iq) to the proper temperature. In the boiling 
which the mash liquor is .subject(*d to, obviously all living organisms 
and their germs will have been <le.stroyed. Since the majority of 
waters contain acid calcium carl>onate in solution, and this, by 
boiling, is decomposed into insolul)le calcium carbonate (chalk), 
with liberation of carbon dio.xide, a preci}utaie forms which has 
the effect of carrying down wdth it a large portion of the organic 
matter of the water. It is extremely umlesirable that this pre- 
cipitated calcium cailuaiate should obtain access to the njash- 
tun, because it would there partially neutralise the natural acidity 
of the malt ; conse(}uontly, the aperture from which the mash 
liquor is drawn off should not be situated at the bottom of the 
back, but at its side some few inches above the bottom. 

Addition of Hardening Materials. — If calcium sulphate or 
other salts are to be added to the mash licpior, this is best done 
when it is on the boil. The gypsum and other substances are 
mixed with waiter to the consistency of thin whiteivash, and 
poured into the hot-li(pior back when its contents are in a state 
of lively ebullition. 

Many breweries are unprovided with a hot-liquor back, and 

* In old-fashioned breweries many 8lipsh<Kl arrangements for heating the 
niash liquor are met with, such as the employment of the copper for this 
purpose. 
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ill these the liquor is heated either in a separate copper or 
in the brewing copper itself. In sucli cases the heating and 
treatment of the liquor must be made to approximate to the 
method just described as nearly as the nature of the plant will 
permit 

Mashingf. — Tliis operation consists in intimately mixing tlie 
ground malt or “grist,” as it is termed, with a definite proportion 
of water at the proper temperature. The mixture must be thorough, 
for any portions of malt wliicli escape wetting are withdrawn from 
the action which ensues on masliing, and as their contents remain 
unallected, tliey represent .so much waste material. This can 
hardly apply now-a-days to places wliere mashing-machines are 
erected, for, unless the.se are worked in an extremely careless 
manner, they do their work most efficiently. 

Temperature of the Mash. — From what has gone before it 
will be seen that the temperature at which the mash is conducted 
lias an immen.se influence on the nature of those changes which 
the starch undergoes under the influence of the diastase, and tlie.se, 
as will be seen afterward.s, exerci.se a profound inlluence on the 
subsequent fermentation and on the character of the finished beer. 
The mo.st important temperature is that known as the “initial 
temperature” of the masli, for upon it chielly depends what tin; 
nature of the products formed by the action of tlie diastase nj)Oii 
the starch constituents of the malt shall be. This temperature, 
which is taken as soon as the mashing proce.ss has been completed, 
is ascertained by means of a thermometc*r constructed especially for 
this |)ur})0.se, The initial temperature is varied according to the 
(juality of the malt and the character of the required beer. Beers 
intemled for .storage are, as a rule, brew«‘d from pale malts. The.se 
are mashed at a somewhat higher degree of temperature than high- 
drii'd malt.'^, for we recpiire, in this cla.ss of beers, a fairly large 
quantity of tho.se dextrins which ferment very slowly, and which, 
.since they provide for a long, slow, continued fermentation, keep 
the ale (throug)i the period of its storage) charged with gas. High- 
dried malts are ma.she«l at a somewhat lower temperature, since 
the l>eers j)roduced from them are quickly cf)nsume«l, and here; we 
require a wcut which contains large quantitie.s of maltose and of 
tho.se dextrins wdiich give fulnc.^s and sweetness to the beer. 
Between the.se two types of Ix^er, which may be taken as ex- 
tremes, there are many other intermedial(i ones that are brewed 
to suit the partkudar wants of dilFerent .neighbourhoods. The 
mashing temperature will ahso vary according to the <liastatic 
power of the malt. Malts in which this is higli will require a 
higiier mashing temperature than le.ss dia.static ones. There i^, 
excepting in very rare cases, an excess of diastatic power in all 
brewing malts, and tbi.s lias to be chcckeil or crippled to a certain 
extent in the mash-tun ; hence heats have almost invariably to he 
employed, which destroy a certain piortion of the diastase. H 
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such were not the case, too imicli maltose would he yielded, and 
the resulting beer be delicient in fulness and body. Tlie tem- 
peratures for the initial heat vary from about 145° F. to 155'’ F. 
Malt which is perfectly dry will require a somewhat lower mash- 
ing heat than malt which has become to a certain extent slack, 
because, when perfectly dry starch is mixed with wjiler, a certain 
amount of heat is evolved owing to the chemical combination which 
takes })lace between the two. This slightly increases the heat 
of the mash, and naturally the elevation of temperature from 
this cause is greater the drier the malt. A delicate appreciation 
of the right initial heat to be employed with different malts to 
produce beers of the required character is only to be obtained by 
actual experience in working, and m one of those things for which 
hard and fast rules cannot be laid down. 

The Operation of Mashing. — Pefon? the actual mashing is 
commenced the mash-tun is thoroughly warmed, either by being 
partly filled witli hot water which is afterwards run to waste, 
or it is heated by steam. In the actual mashing, where tlie tun 
is provided witli a niashing-machine, water is run through this 
from the hotdiquor l)ack, the contents of which have been brought 
to the jirojier mashing temperature, or, as it is often termed, 
the right “striking heat,’’ until the })lates are just covered. The 
.slide of the grist-case is then opened, and the malt allowed to fall 
into the niashing-machine, where it is intimately mixed with the 
mash liquor. The consistency of the mixed malt and water as 
it falls into the tun is observed, and by a little jUMctice the be- 
ginner is soon able to ajipreciate the stiffness of the mash which 
corn’sponds to a definit<* proportion of water to malt, and to 
regulate the flow of liquor and grist accordingly. The propor- 
tions generally used are from one and a half to two and a half 
barrels of water, or “ mash-liquor,” as it is generally termed, to 
each quarter of malt. The former would be considered a very 
stiff mash, and the latter a thin one. Obviously, the less liquor 
employed in the mash the more there remains for sparging, and 
the lietter chance there is for obtaining all the extract from the 
malt in the tun, or, as it is now termed, the “goods.” Diastase 
exhibits a little more activity in n thin mash than in a stiff one. 
flashing when performed in this way is carried out in the most 
lau'fect manner, for each j)ortion of grist meets its own portion of 
water in the mashing-machine, and an absolutely uniform heating 
of the entire mash is .secured. 

In the case of the ma.sh-tun which is not provided with a 
mashing-machine but with rakes, rather more than the total 
quantity of litjuor required for the mash is run into the tun at a 
temperature a few degrees higher than that actually to be em- 
ployed in the mashing. The object of this is to provide a 
sufficiency of heat to warm the mash-tun ; the extra quantity 
iieces.sary for this purpose will have to be (letermined by ex[>eri- 
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ment for each particular tun. After the tun is sufficiently heated 
the taps are allowed to run for a few minutes so as to flush out the 
spend-pipes ; they are then closed and the temperature of the mash 
liquor taken. This should now he a degree or two above the tem- 
perature actually required ; a few revolutions of the rake machi- 
nery will quickly reduce it to the proper temperature. When 
this is reached the mash-tun is closed, the slide in the grist-caso 
opened, and th^ grist allowed to fall rapidly into the mash liquor, 
tlftj rakes being kept in motion at the rate of about one revolution 
round tiie tun in forty or fifty seconds. The rakes are kept on 
for about fifteen minutes after all the malt is in the tun, and 
then the temperature of the mash is taken. 

In certiiin breweries the iqalt is run into the tun first and the 
hot liquor afterwards; this is an exceedingly faulty method, and 
is only mentioned to be condemned. 

Tlie latter two methods of mashing have this great disadvan- 
tage, that by neither of them is it possible to ensure that each 
portion of grist is raised to the same temperature in the mashing. 
Obviously, those portions which come in contact with the liot 
liquor first are raised to a much higher temperature than the last 
portions ; consequently, the diastatic power of tlie former is con- 
siderably crippled, while that of the latter portions is scarcely, if at 
all, affected. Such a mash is tlierefore of a very irregular nat\ire 
in this respect. 

Some brewers who have no inaahing-machine endeavour to 
get over this defect by running in the hot liquor and grist at 
the same time, keeping the rakes continuously in motion ; this, no 
doubt, obviates to some extent the imperfection, yet it can never 
yield sucli a regular niash with regard to equable temperature as 
the mashing macliine aflord.s. 

Underlet. — It is customary after the mash has stood on for 
some little time, a quarter to half an hour, to admit a further 
portion of hot Ihpior, at a higlicr temperature than that used 
in mashing, under the goods hy means of the underlet. Snch 
an addition also goes by the name of “ piece ” liquor. The 
temperature of this varies with tlie temperature of the liquor 
employed in mashing, and is generally about io° to 12° above it. 
In those case.s where the ma.sh-tun is unprovided with rakes, the 
piece liquor should be allowed to How in slowly, so as to secure a.s 
even an admixture as po.ssible umler the circumstances. Where 
the mash tun is provided with rakes, after the ])iece liquor has 
been added, they are slowly revolved three or four times, in order 
to secure an even temperature throughout the goods. 

Standing on. — The mash is then allowed to stand in the 


nia.sh-tun until the conversion of the starch is completed. This is 
ascertained by taking out from time to time a small quantity ei 
the liquid portion of the mash and testing it witli iinlino. 
order to do this, a few drops of the mash are placed on a white 
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tile or the bottom of an ordinary dinner-plated allowed to become 
cold, and a drop of a solution of iodine potassium iodide, about 
the colour of brown brandy, added. If this experiment is tried 
as soon as the mash is made, a deep blue colour will be pro- 
duced. As the mashing process proceeds the colour gradually 
changes from purple to brownish-red, and at last no colour is 
yielded at all, the wort being simply coloured yellow by the iodine 
solution. As soon as this ha[)})ens the taps may Vie opened and 
the wort run off. 

Second Mash. — In some Iweweries, where the copper is not 
large enough to boil the whole mash at once, the mash, after 
being made in the usual manner, is sparged until one-half of the 
total length re([uired is obtaimal. This is run or jmmped up into 
the copper, and fresh mash li(iuor run on to the goods at the rate of 
about one and a half barrels per quarter, and allowcil to stand on 
until the first Indf of the length in the copper has been siilficiently 
boiled. When this has been run <»ff the taps are again .set, and sparg- 
ing carried on until the second half of the length is reached, whicli 
in its turn is hrcught into the copper and boiled. Very occasion- 
ally a third mashing is made in a similar manner. The second 
mash is a time-wasting arrangement, though it is strongly advo- 
cated by some brewers, who con.d<ler that it give.s a better yield 
of extract. Opinions are, however, somewhat divided as to the 
value of the last [)ortions of extract obtained in this way ; some 
maintain that it is not only useless, but even prejudicial. 

Use of Subsidiary Apparatus. — A number of tliese have been 
described, such as circiilator.s, steam-coil in the masb-tun, Ac., the 
object of all of them being to gra<lually raise the temperature of 
the mash. This may be performed for two very difierent purpo.ses : 
either to increase the quantity of the le.ss fermentable dextrins, or 
to deal with inferior or badly germinated malt. 

In those cases where the circulator is used for raising the per- 
centage of the higher dextrins, the apparatus is set in action ten 
minutes after the mashing is completed, and the operation con- 
tinued for fifteen minutes, or f{»r such longer iieriod as is required 
to bring the mash uj) to the recpiired temperature. The mash 
may be raised in this way to 158'' F., or even higher, if it is 
necessary to restrict the diastase considerahly. In this case it is 
usual to curtail the time of standing on to one hour, reckoning 
from the time the circulation is finished. One advantage of the use 
of a circulator is that the wort Hows bright in a much shorter time 
after setting taps than it does under the ordinary conditions. 

The same object may lie effected by the use of a steam-coil 
under the plates, as first suggested by Dr. Charles Ornham. The 
mash is made with a low initial temperature, 130'’ to 134“ F., and 
directly this is completed, steam is turned on at such a rate as will 

* Small slabs of plaster of Pariii have been recently proposed for this 
purpose. 
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bring the temperature of the mash up to 160“' F., or even to a few 
degrees higher, in from tliirty to forty minutes. A stir round with 
the rakes is given every seven or eight minutes to distribute the 
heat. It must not be forgotten that under these conditions a very 
liigh temperature is required to cripple the diastase, since it is 
protected by the maltose, which is, in tlu'sc circumstances, rapidly 
formetl. The time of standing on may, with advantage, be con- 
siderably shortened w’hen this method is employed. 

Wlien using any of these arrangements for dealing with badly 
vegetated malts, which are always more or less deticient in dias- 
tatic power, tlie mash sliould be made at a low' initial temperature, 
such as 140' to 145" F., and, after remaining at this temperature 
for half an hour or so, the heat should 1)0 very slowly and gradually 
raised to 155 F., at which temperature the mash should be allowed 
to stand until it ceases to give a coloration wdth iodine. The object 
of this treatimuit is to dissolve out as much tliastase as possil)l(‘, 
and then assist its action l>y tlie subsequent heating up of the 
mash. Circulating, unless very high heats are employed, promotc's 
diastatic action. 

Hot Grist Mashing. — In this modification of the uiashing pro- 
cess, w’hich was introduce*! ami patented by Mr. Charles Clinch, 
the grist is lieated by means of hot air to a temi><*rature slightly 
lower than that of the initial mash heat requireil, and the mash 
liquor is liroiight to the same tmn))erature. A slight rise in 
temperature takes place in the mashing, owing to the heat de- 
veloped by th<‘ (•ombination of the starch with W’ater, and thi.^; 
brings the ma.-h up to the correct initial. The malt is said to he 
b(*nefited l)y.this lieating process, its aroma being brought out. 
During the standing on, diastatic action proceeds wdth extreme 
vigour, and the mash mu.st not be allowed to .stand more than an 
hour. IJrilliant <h'Xtrinous w'orD, which contain an abundance of 


food for the y«*a.st, are .said to be obtained by this method. 

Limited Decoction. — This pmce.ss seeks to combine, to a 
certain extent, the decoction proce.s.ses employed on the Continent 
in the j^rodmUion of lager beer with our infusion system. A 
masli-tiin |>rovide«l w’ith a .steam-coil is em])loyed. The mash is 
made in the u.sual manner with alxmt twu) barrels to the quarter, 


at an initial temperature of 155“ F. or a little higher. After 
standing for an liour, hips are .set and w’ort run off at the rate of 
half a 1»arnd per fpiarter, ami this is ke})t in a suitable vessel until 
require*!. St*fani is then turned on ami the goods raised to a 
temj)erature cl<».sely approaching 212^^ F., at which it is kept foi’ 
fiftt^en minute.^. C*)l*l liquor is now' sparged on until the ma.sh 
reduce*! in teinj>eratiire to about i6o'‘ F., with the rakes going all 
the time The .strong wort which w'as drawn off previously 
now’ stirred in, the temperature of the mash brought up to 160 , n 
necessary. Tlu: rakes are then 8topj)ed ami the mash allowed to 
stand for twenty minutes or half an hour, after which the taps 
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set and the remainder of the operation performed in the usual 
manner. A little more extract is obtained in this way from good 
malts, but the benefit is most marked when working with hard, 
steely, or ill- vegetated samples. Unless the plates are good and 
the perforations fine, there may he trouble with the drainage. 

As in this method the stiirch is completely gelatinised, it is 
possible to use a portion, say 25 per cent., of raw grain. 

American System of Using Large Amounts of Raw Grain.— 
The American brewers u.se as much as 50 per cent, of maize in 
the shape of grits, which are thoroughly gelatinised in a separate 
vessel, and coohal down to the mashing temperature. I'he ina.sh is 
made with the malt in the u.sual manner, and after being allowed 
to stand on for from an hour to an hour and a half, the gelatinised 
maize is stirred in, and the whole allowed to stand on for a very 
short time, when the ta[).s are set. Ah the starch of the maize 
is thoroughly g(*latinised, the diastase acts upon it with extreme 
rapidity. When such large {)ercentages of raw material as tliese are 
enijdoyed, a distinct kind of malt is nece.ssary, made from the coarse- 
skinned vatieties of barley, in order to facilitate the drainage in 
the mash-tun. The barley is fully germinated during the malting 
process, and the re.sulting malt dried at a low temperature, so that 
it posses.ses a maximum dia.static power. 

This plan of using maize grits has been adopted to a limited 
extent in this country, and vessels called “converters '' have been 
placed on the market. The maize grits (which should not contain 
more than one per cent, of oil), are introduced into the converter 
together with aljout five per cent, of ground malt ; steam is then 
turned on, and the vessel and its contents brought up to 200° 
F., and kept at this temperature for half an hour. The gela- 
tinised maize, which is [)artly converted into soluble starch, is 
mixed in wit!i the goods in the mash-tun just before the taps 
are set. 

Empl03rment of Prepared Materials. — Within the last few 
years a number of materials, which are more or less gelatinised, 
have been introduced as partial su1>stitutes for malt. One of 
tlie first of these was a gri.'-it in the form of a coarse powder, 
in which state it was apt to give rise to drainage troubles. 
Afterwards rice was gelatinised and rolled into flakes : and soon 
after this maize, after being deprived of its germ which contains 
a large quantity of oil, was similarly treatetl. Harley is also now 
flaked in a similar manner. Harley and maize are also torrefied 
by being passed through a hot revolving cylinder; the sudden 
application of heat ruptures the starch-cells and bursts the corn, 
the contents of which are left in a tender friable condition, and 
can bo readily disintegrated by the malt-mill. 

In using these materials no alteration is made in the method 

mashing ; they arc simply mixed in with mult, and pass along 
^vith it through the malt-mill, or, in the case of the flaked pre- 
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j'aratioiis, they may be mixed in Avith the grist immediately after 
it is passed through tlie mill. As a rule, from 15 to 25 per cent, 
of this class of material is employed. 

Black Beers. — In the production of stout and porter it was 
formerly the custom to use a grist composed of pale, brown, and 
black or patent malts, but now the brown malt is generally omitted, 
and often a j>ortion of the black malt is replaced by caramel. 
The relative projKtrtions of these constituents vary considerably in 
ditlerent brevreries, as is .shown in the following table ; — 



Pale. 

Brown. 

Amber. 

Black. 


Per Cent. 

Per Cent. 

Per Cunt 

Per Cent. 

Xo. I 

48 

24 

24 

4 

No. 2 

57 

25 

U 

3 

No. 3 . 

58 

30 

i 

2 

No. 4 

60 

34 

I 0 

6 

No. 5 

()i 

0 

! 0 

9 


1 


It is also customary to use a certain amount of sugar in black 
beers : this is generally either invert or cane. 

Return Wort. — In some breweries it is the rule to pump the 
last runnings from the ma.sh-tun, or the liquor which has been 
used to sparge the Imps, or both, into the hot-liquor back, and to 
use them for mashing in tlie next day’s brew, Tliis plan is of 
Very doubtful value, f'*r though the last runnings may contain a 
certain amount of extract, as shown by the hydroireter, yet it is 
oxtrenicly questionable if it is of much value. Wlien hopped 
K'turned W(trts are used, they have a great tendency to cause 
what is known as a “dead” mash. Probaldy this is owing to 
the precipitation of the j^roteids of the malt by the tannin bodies 
of the hops ; tin* diastase is also prequdiced from tlie same cause. 

Setting Taps. — This is the designation given to the opening 
of the tajt.s wliieli are attached to the ends of the spend-pipes. 
Tiie tap.s are lirst turned on very .slightly, and a.s soon as the wort 
begins to run clear they are tiien gradually opened more fully. 
After the sjnrrging is commenced they are adjusted so that the 
quantity of wort flowing from them is about equal to the amount 
of liquor being delivered by tlio sparge, but, as Avill be seen farther 
on, thi.s method is subject to mollifications. 

Sparging. -In order to obtain the full amount of extract from 
the goods in tlie masb-tun, it is necessary that the sjiarging should 
be |>erformed in an intelligent manner, and that tlie apparatus 
should be well arranged and in good order. Sparging should 
never be too rapid ; it should, as a rule, occujiy about four liours. 
Very often .sparges are badly constructed, and do not deliver the 
lifjuor evenly on the surface of tlie goods ; and the same thing arises 
if a number of the hole.s in the arms of the shape get blocked up 
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with dirt. In order to ascertain if a sparger is working evenly, it 
should be tested with the trough described on page 439. 

With reference to the beat of the sparge liquor, this should never 
be too high, or during the last part of the operation the diastase 
present in the mash may be completely destroyed, and soluble 
starch may make its api)earance in the wort and give rise to subse- 
(pient difficulties. Since, during the time of standing on, the goods 
at the surface lose a certain amount of heat, it is customary to run 
oil the first portions of the sjiarge liquor at a somewhat higher 
temperature tlian the latter portions. As a rule, the first half or 
three-quarter liarrels of sparge liquor per quarter may be run on at 
a temperature of from 170“ to 175“ R The temiierature should 
tlien lie allowed to decline gradually, until, at the final stage of the 
process, the temperature stands at i6o“, or a few degrees lower. 

jMuch dilFerence e.xists as to the way the sparging is per- 
formed in relation to tliat in which the wort is drawn offi Some 
lirewers sparge at the same speed as that at which the w’ort is 
running otf, in wdiich case the goods are kept at about the same 
level all through the operatioii. Others, after stopping the sparge, 
allow almost the whole of the wort to run oh once or several 
times during the process. The former is probably the better plan 
for beers of low' gravity, the latter for stronger ones, and this 
latter course becomes a necessity when a large quantity of con- 
centrated wort is required. In this last case as much wort as 
possible is run off, the amount of w'ort drawui off being replaced by 
sparge liquor, or by underlet, or by both, two or three revolutions 
of the rakes given, and the w'hole alhnvcd to stand for a short 
time before sparging is again commenced. 

This plan of adding liquor by underlet, mi.xing wdth the rakes, 
and allowing a short stand, may be resorted to if the drainage 
becomes had at any time from the goods getting dow'n on the 
plates. Care should be taken to see that the sparge liquor does 
not form channels through the goods, a contingency which may 
occur, especially at the sides of the rake machinery. All the 
liquor passing through such channels escai)es without contributing 
its share to the wuishing-out process. 

The last runnings, if the sparging has been carefully and 
properly performed, should have a gravity of not more than 
1004 sp. gr. for w'orts of medium strength, and a couple of degrees 
higher than this for strong w'orts ; and this is perhaps as far as 
the washing should be carried, for, if carried farther, substances of 
doubtful value are then extracted. A quantity of water nearly 
equal in w'eight to the original weight of the malt used in mashing 
remains in the grains. 

Dead Mash. — During the whole sparging process the goods 
should float on a substratum of w'ort, and their surface appear 
comparatively dry. When from any cause the goods fail to 
float in this way, the mash is said to be dead. In such cases, 
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the goods lie obstinately on tlie plates, and the sparging liquor, 
instead of percolating through them, collects on their surface. 
This state of affairs may arise from several causes : too liigli a 
striking heat may have destroyed the diastase ; the malt may have 
been too finely ground ; malt-fiour may have been separated from 
the husk by falling from too great a lieight into the grist-case, or 
by excessive knocking about in the elevator; the employment of 
too much huskless material ; and excessive use of the rakes. 
Sometimes, ^vhen bad dminage dej)ends upon a layer of starch 
becoming deposited on the plates, this after a time is dissolved 
by the action of the diastase, and tlie drainage tlien improves. 
Occasionally, a stir round once or twice with the rakes will im*nd 
matters, but in very ba<l cases such methods as draining off from 
the grain trap, or placing a bundle of straw in the goods and 
pumping from the middle of this have had to be resorted to. 
A dead mash is, however, only the result of carelessness. 

Wort in Underback. — In some breweries this undesirable 
vessel is a necessity, because the co|)per is at a higher level than 
the taps, and the wort must have some rece[)tacle to lodge in until 
it can 1)0 pumped into the copper; in others, where the mash is 
l)oiled off in two lengths, a large underback must be provided. 
As it is desirable to prevxmt the cooling of the wort as much as 
possible, the underback sbould always be provide<l with a steam- 
coil. In the former case, this vessel should be just sullicieiitly 
large to serve the purpo.se for which it is inteiuled, and tins wort 
should l)e allowed to remain in it as short a time as possible, fur 
it must be remembered that diastatic action is continiuuisly pro- 
ceeding in the wort until it has reached a temperature of 180' or 
1 90'’ F. in the co{)per. 

Boiling and Hopping. — The mash being completed, the wort, 
which will have either been run into the copper, or pum])ed in to 
it as it left the rnash-tun, or have been pumped in from the under- 
back, is now Ixjiled for a longer or shorter period. 

Objects of Boiling. — The boiling is performed fur several 
objects. The wort as it leaves the mash-tun is swarming with 
minute organisms and their germs, which, though to a certain 
extent paraly.sed by the heat to which they have been subjected 
in the mash-tun, are not killed. Consequently, if the mash were 
allowed to remain for any length of time in an unlx>iled condition, 
it would soon fall into a state of bacterial ferment.ation. dh« 
prolonged boiling to which it is subject(al effectually de.stroys 
these organisms and renders the wort sterile. All further diastatic 
action is also put an end to. A considerable portion of the i>r')- 
teids, since they are coagulable by heat, are thrown out of solution 
and precipitated, <ind a further small i)ortion are precipitated by 
the tannin bodies of the hops. During the boiling the Imps 
are added, the functions of which are to give a ])leasant aromatic 
flavour to the beer, to confer stability on it, and to assist in the 
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precipitation of the proteid matters of the wort. The wort is also 
considerably concentrated during the boiling, and this permits a 
larger quantity of liquor to be used in the .sparging and, conse- 
quently, a larger amount of extract to be obtaine(l from the malt. 

Addition of the Hops. — Much difference prevails as to the 
time when the hops should be added to the wort in the copper. 
Some brewers add them as soon as there is a fair quantity of wort 
in the pan, others just after the wort begins to boil. Probably 
the most rational method would be to add the first |)ortion after 
the wort has been boiling for ten minutes or a quarter of an hour. 
By this time a large amount of proteids would have coagulated 
and been thrown out of solution by the mere action of tlie lieat, 
and the tannin of the hops would then be able to expend its full 
action iqwn the portion still remaining in solution ; in this way a 
larger total amount woidd be preci})itated. As the fine delicate 
aroma of the hop is due to the })resencc of certain volatile oils, 
which, to a great extent, are dissi|)ated and lost in the boiling 
process, it is now customary to add the coarser hops first and the 
finer ones al)out twenty minubis or half an hour before turning 
out, and this modification has much to recommend it. Hops 
contain various constituents, .some of which are much more readily 
solubhi than others, and it is nece.ssary to have both of them in 
the finished beer. But, unfortunately, there are other constituents 
of a highly unde.siral)le nature also pre.sent in hops ; these are only 
])rought into .‘solution by prolonged boiling, and, as a conseciuencc, 
are, extra(;tetl along wuth some of the less solulde C(.instituents, 
which are of a valuable natures. By adding the hops in two por- 
tions at different times, this difficulty is to a certain extent over- 
come. The first portion added is extracted to the fullest extent, 
and though the undesiralde bodies are for the most part dissolved, 
yet this long -continued extraction is necessary to secure the 
solution of the hop resins on which the preserv/itive power of the 
hops depends. The tannin and the e.ssential oils are also dissolved, 
but the latter are almost completely lost during the jirolonged boil. 
It is undesirable to have too large a quantity of the. bop resins 
dissolved in the wort, because they are precipitated’ in the cooler 
or in the fermenting vat, ami conbiminato the yeast. But when 
a portion of the hops is added at a late stage of the boiling, only 
small quantities of hop-re.sin and of the objectionable matters are 
dissolved, while the bulk* of the tannin and essential oils are 
perfectly extracted ; and as tlio boiling is now short, these last 
very valuable constituents are only dissipated to a slight degree. 
It has even been proposed to add the hops in three portions, the 
first at the commencement, the second in the middle, and the 
fhird near the end of the boil. Naturally, the finest hops will 
^Iways be added last, since it is the essential oils of these which 
Jt is the most desirable to retain. The preservative power of the 
hops is dependent on the soft resins they contain, and these, on 
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excessive boiling, undergo a clieinical cliange and are converted 
into bodies of a less soluble nature ; hence hops should never be 
boiled a second time. It is highly probalile that the long periods 
which hops are often boiled at the present time might be shortened 
with advantage. 

When the wort is boiled at twice or three times, or wlien it is 
distributed over several coppers, each copper should have its due 
proportion of hops, calculated on the (piaiitity and the respective! 
gravity of the wort of each. 

Boiling. — As soon as the wort is in the copper it should l)e 
brought to tlie ])oil as quickly as possible, for, until a certain 
temperature is readied, diastatic action slowly proceeds, and more 
and more maltose is formed. The boiling must b(! tliorougli ; 
there is [irobably no more frequent .source of unstalde beer tlian 
insutheient or imperfect boiling. 

As to the time of boiling there is much ditierence in practice. 
Some brewiu's only boil for an hour, .some an hour and a half, 
others two hours or longer. Probably two hours may be taken 
as the happy medium, and this will give sulhcient cooking. The 
unnece.s.sary prolongation of the boil caii.ses a ii.sele.ss expenditure 
of fuel. Whatever length of time is tiiken for the boil, during 
the whole of that period tlie contents of tln^ copper should bo 
kept in a state of vigorous ebullition. 

The contents of the copper, unle.ss constantly watched, are so 
liable to ImuI over that it is nece.s.sary for one person to give his 
whole attention to the j)rocess to see that this doo.s not occur. 
In order to do^iway with this constant supervision, it is customary 
to employ a dome or fountain, wliich not only jtrevents boiling 
over, but also helps to secure an abundant aiu’ation of the wort. 
Domes and fountain.s, especially the latter, are objected to by 
Some, since they have a temhmey to disink'gratt? the hops, in 
consequence of which they do not form sindi an ellicient filter for 
the wort when it is run out of the hop-back as when they arc iin- 
bruken. Much has been .said on the comparative values of steam 
and fire copj^ers. Some maintain that a much more vigorous boil 
may V>e mainbiined in a coj>j)er heated by direct fire, but the balance 
of evidence shows that edther form is e([ually good, j)rovided the 
arrafigements for the heating are properly constructed, and the 
.steam-coj)per is undc)u))te<lly much the more economical in the 
matter of fuel. Moiling by gas has been introduced into some 
breweries which are provi<led with the necessary apparatus for 
prcKliicing what is termed “water ga.s.” It forms an exceedingly 
convenient source of heat for this purpose, since its intemsity can 
be so ea.sily regulated. 

Boiling at Twice. — In what has gone before, it has been 
assumed that the whr)le length, that is, the whole quantity, n 
the wort is lx)iled in one copper ; but often the coi)per is no 
large enough to contain the whole length, and in such a case. 
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it has to be boiled at twice, or in extreme cases at three times. 
Linder these circumstances sparging is kei)t up until sufficient wort 
is obtained to fill the copper, the taps are then stopped, and the 
mash allowed to stand on until tlie contents of the first copper are 
boiled. It is customary in such cases to add a further amount of 
liot liquor to the goods in the mash-tun, either by sparging, or 
underlet, or both. 

The next point to b(} determined is the respective proportions 
in which the hops are to be added to (;ach copi)er. It is obvious 
that if we find the right ju'oportion for the first copper, the 
remainder will be the proper (piantity for the second. The calcu- 
lation is based on the respective aimaints of pounds of brewer’s 
extract in each coj)per, and if we know the num])er of pounds in 
the first copi)er, that amount deducted fr<un the total number of 
pounds required for the wliole length will be the (quantity con- 
tained in the second copjier wort. 

Taking, for exanqtle, a brew in wliich a hundred barrels of 
beer of a gravity of 21 lbs. are to l)c i)roduced, and to which hops 
at the rat(' of 10 lbs. for each tpiarter of malt are to l)e added, the 
wort to be boiled in two equal lengths. The total number of 
pounds of lu’ewer’s extract recpiired will Ix^ 2100, and if the malt 
yields 84 li)S, extract per quarter, twenty-five quarters of it will 
be the nece.s.sary quantity : 25 x 10 gives 250, the total quantity of 
hops reipiired. On iin average the total length of the brew of a 
hundred barrels, all( 3 wiiig for loss l)etween the copper and the 
fermenting vessels, will amount to 134 barrel.'^, half of which, or 
67 barrels, havt; to be boiled in (‘aeli cojqter length. Say this 
finst length is found to have a gravity of 24 ll>s., the totid number 
of pounds of extract in the C(qq)er will lx* 67 x 24 = 1608 lb.s. 
Tlien — 

2,100 ; 1, 60S ; ; 250 : 191.4 

Total Uis. of extract Lb.f. of extract in Total amount Amount of hop.s for 

in whole length. lirst copja-r. of hoi)8. tirst copper. 

The remainder, 250 - 192 = 58 lbs., will go to the second 
co[)per. 

Action of the Hop -Tannin Bodies during the Boiling Pro- 
cess, — As lui.s been stated previon.sly, botli the luqi-tannin and the 
plilohaplien combine with albumin ; eousetpiently, during the boil- 
ing process tliey will enter into comhinatioii with the proteid 
bodies dissolved in the wort, llayduek fttund that hop-tannin 
forms with albumin a compoiuul readily solulde in hot water and 
slightly so in cohl, hut that phlobaphen formed an absolutely in- 
solulile conijiound. In a cold-water extract of barley, whieli had 
been boiled and filtered to remove the coagulated albumin, a solu- 
bon of hop-tannin gave a precipitate which again dissolved on 
heating, but was reprecipitated as the solution became cold. When 
thi.s precipitate had been removed by filtration, the presence of 
binnin could bo detected in the clear cold filtrate l)y ferric chloride, 
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and the presence of albumin could also be detected by tannin, 
showing that a portion of the tannin-proteid compound still 
remained in solution. AVhen this solution, which was perfectly 
clear at the ordinary temperature, was further cooled, it again 
became turbid. The barley extract behaved in a similar manner 
without the addition of tannin, though to a less degree; if, 
after it had been boiled and filtered, it was boiled a second 
time, a fresh precipitate slowly formed, and this shows that 
a portion of the proteid matter in solution gradually became 
insoluble on boiling. When a small quantity of tannin was 
added to the barley extract, and the precipitate which formed 
filtered ofi“, the solution, on subsequent boiling, behaved in a 
similar manner; it was determined experimentally that a small 
quantity of tannin was carried down with the precipitated matters. 
When, on the other hand, phlobapheii was added to the liarley 
extract, a precipitate formed which was quite insolubh? when the 
fluid was suhsequeiitly boiled. When an excess of phlobaphen was 
added to the barley extract, all the ]»r(>teid matter was completely 
preci[)itated, for, neither on th(‘ addition of hop-tannin nor of 
ordinary tannin, was a preci[)itate ))roduced.^ From this it follow.s 
that the phlobaphen completcdy preci{)itates a certain amount of 
the proteid matters, whilst that porti<m which combines with the 
hop-tannin remains in solution during the boiling process ; it is 
partially precipitated as tlni wort cools, and still further during the 
fermentation, it was found po.ssible to remove the hop-resins 
from the scum which formed on the wort, by treating it with 
ether, and, by afterwards boiling the .scum freed from the re.'^in.s 
in this way with water, to <letect the presence of hop-tannin in 
the .solution. Hayduck concludes from these experiments that 
in the proces.s of boiling, a certain portion of the soluble proteid 
matters are gradually converted into in.soluble modifications, whicdi 
probably carry a portion of the hop- tannin down with them. 
The.se matters cannot, however, be completely separated hy 
boiling, for their pre.sence couhl be invariably detected in beer 
by tannin, hop-tannin, or phlobaphen, though beers which were 
heavily hopped contained smaller quantities of albuminoid matter 
uncombined with tannin. He consi<lers that the hop-tannin and 
phlobaphen, .since they remove a portion of the proteid matter 
from beer, act indirectly as preservative agents, but that they have 
no direct influence. lie had previously shown that hop-tannm 
exercised no action in arresting the growth of the lactic bacterui, 
and that an aqueous extract of hops, from which the resins had 
been removed by treatment with ether, had just as little effect. 

From an experiment made by Rriant and Meacham,'^ the quan- 
tity of albuminous matter removed by boiling with hops is ver\ 

* Probably the beneficial effect of a prolonged vigorous boil may be due 
to the conver«don of the hop*tannin into phlobaphen. 

2 Tramactiont of the Imtihite of lirciciog, vol. vl. p. l6o. 



COOLING. 


469 


small. Two brews were conducted under similar conditions, the 
sole difference being that in one (A) hops were used at the rate of 
8 lbs, per quarter, in the other (B) at 16 lbs. The result was as 
follows: — 

Snlu.hle AVniminoith in Di’n Krtract. 



c'opper 

Bniling. 

Cupper Out. 

Albuminoids 
I’recipitated. | 


Pel- Cent. 

Pli- Cent. 

Per Cent. i 

Experiment A . 

5-93 

5.75 

0.18 

Experiment B . 

6.01 

583 

o.iS 


Turning Out. — After the wort has been boiled for a sullicient 
length of time it is “turned out” — that is, its contents are run 
out into the liop-back. The ho}>s gradually settle down to the 
perforated bottom of this ves.s(‘l, where they form a layer of 
filtering materiiil, and as the wort runs off, hold back the various 
matters which have berm j)re('ij)itated during th<‘ boiling i)rocess ; 
the wort consequently passes away in a l)right and clear condition. 
Some breweries are not |»rovid(‘d with a hop-l)ack, but have a 
strainer fixed in the copper which retains the hops ; this is a 
faulty arrangement, since under these conditions the wort only 
flows away very slowly and much waste of time ensues. 

Cooling'. — After a sutlicient length of time has been given 
for the hops to settle in the back, the wort is either run or 
pumped on to the cooler, and as it is there eximsed to the air in 
a thin layer, it rapidly loses heat, ddie cooling effect of the air is 
sometimes increased by a fan placed in the middle of the cooler, 
which, when set in motion, induces iiowerful currents of air, which 
are wafted over the surface of the wort. The wort, while on the 
cooler, takes up a quantity of oxygen, which, as was sliowm by 
Pasteur, enters into chemical combination with some of its con- 
stituents. This combined oxygen exercises a profound influence 
on the readiness with which tln^ wort umlergoes subsequent 
clarification. In a wort which has been well aerated the preci- 
pitated particles agglomerate into coherent masses, which subside 
readily, whilst in an unald’ated wort they remain suspended in a 
state of line division. The wort also becomes darker in colour 
under the influence of the combined oxygen ; the darkening due 
to this cause, however, entirely disappears during the fermenta- 
tion. The wort, during its passage through the cooler, deposits 
much matter, which is knowm as “ cooler sludge,” and this should 
uot be allowed to be carried away with the wort. Wort shouM 
not be allowed to stay on the cooler for a longer period than is 
necessary to bring its temperature down to 140“ F., for, if allowed 
to remain for any length of time at a temperature a few degrees 
helow this, it is liable to take on changes of an objectionable 
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character, the result of which is tlie production of a beer of a 
less stable character. As soon as, or a little before, the wort has 
arrived at 140'' F., it should be passed on to the refrigerator. 

Refrigerating. — In pa.ssing over the refrigerator, the wort 
hikes up a further (piantity of oxygen ; this does not, however, 
chemically combine with it, but simply enters into a state of 
solution. This dissolved oxygen is of great importance in stimu- 
lating the yeast and starting a vigorous fermentation. Since 
vertical refrigerators atlbrd tlie fullest exposure of the wort to 
the air, they are to be preferred to tlie other forms which do not 
possess this important advantage. The rate at which the wort 
passes over the refrigerator is .so regulated that it leaves the 
apparatus at the temperature required for commencing tlie fermen- 
tation, which, as a rule, is 60" F., or two or three degriies below. 

Employment of Germ-Free Air. — In recent times it has lieen 
proposed to carry out the operations of cooling and refrigerating 
in such a way that the wort is kept entirely out of contact with 
the outside germ-laden atmosphen*, ami only allowed to come in 
contact with air which has been dejirived of its germs by filtration. 
Consequently, wort treated in this manner reaches the fermenta- 
tion vessels in as sterile a stab; as it h;ft the copper, and this is 
undoubtedly a step in the right direction. Though aiTation with 
germ-free air in this way has been adopted to some extent on the 
Continent, it ha.s only been applh'd in this country to the air which 
reache.s the refrigerator. The wort is most lialile to be contami- 
nated by living germs during its |)a.ssago over the refrigerator, for 
its temperature when on the cooler is so much higher, that any 
germs wdiich fall in arc either <le.stroyed or liave their vital energy 
considerably lowered. 

Collection of the Wort. — After refrigeration tlie wort 
passes either into the collecting ves.sel or, mon; gen(;rally, it is 
run dir(.‘ctly into the fermenting vat or vats. In either case it is 
here that tlie Excise, officer takes a note of its quantity and gravity, 
and upon the calculation made from these <lata the amount of 
duty jiayable is ba.sed. 

Excise Charg’eS. — The duty on beer is levied at the rate of 
6s. qd. for each barrel at a specific gravity of 1055, an allowance 
of 6 per cent, being made for waste and lo.ss during fermentation. 
This allowance is not reckoned off each day’s brew, Init is deducted 
at the end of the month, when the book is made up for payment. 
Consequently beer, at whatever gravity it is brewed, has to he 
reduced to its equivalent in gallons at the standard gravity 
of 1055. The calculation is effected in the following manner. 
The number of gallons in a brew is ascertained from the dii>, 

^ All fermenting ve8.-«el» are gauged by the Excise officers, ic. the nuniber 
of gallona corresponding to each inch of depth ascertained. The number « 
galTonij of wort actually contained in the vat is found by the dippiu^'*'*’ • 
which is a kind of boxwood rule divided into iiicheH. 
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and the figure thus obtained multiplied by the excess of the 
gravity over looo. Suppose we have a brew of 3600 gallons 
of sp. gr. 1060; then 3600x1060-1000 = 216,000. This 
figure divided by 55, the excess of the standard gravity over 
1000, gives 216,000-55 = 3927.27. Therefore, excluding the 
decimals, 3927 gallons of wort at 1055 sp. gr. are equivalent to 
the 3600 gallons at 1060 sp. gr., and this former figuie (3927) is 
entered into the day-book. At the end of the month the amounts 
for each day are added together, the allowance of 6 per cent, for 
waste deducted, and the remainder brought to ])arrels l)y dividing 
by 36. Thus, supi)ose the amount brewed in one month was 
equivalent to 125,640 gallons at standard gravity (1055); this 
multiplied by 0.06 would give the 6 per cent, to be deducted for 
waste, which would be 7538.4, and 125,640-7538=118,102, 
which is the gross numbm- of gallons for which duty would be 
charged. The number thus obtained is then converted into 
barrels by dividing by 36; thus 118,102^36 = 3280 barrels and 
22 gallons. The duty is not collected on the 22 odd gallons, 
but they are carried over as “ odds ” to the next monthly account. 
The duty per barrel, 6s. qd., multijdied by 3280 gives 
From til is it will be seen tliat the brew'er, when not paying on 
goods, jiays duty on the weight of (extract yielded at tlie rate 
of 6s. 4.14(1. for eacli 19.8 Dks. of brew(U’’s extract, since each 
barri'l of beer at a specific gravity of 1055 c(nitains this amount 
of brewer’s extract, and 6s. qd. less tin* allowance of 6 per cent, 
equals 6s. 4.i4d. 

If the l)rewer does not obtain four barrels of wort of specific 
gravity of 1055", less 4 per cent., from each quarter, or 336 lbs. of 
malt or its cm pii valent, the charge, instead of being levied on the 
w'ort, is levied (3n the materials u.sed, and in this case a higher 
rate is [laid. From the amount of the charge obtained in this 
way the 6 per cent, for waste is deducted as when the charge* is 
made on tlie wort. 224 lb.s. of cane sugar are deemed by the 
Excise authorities to be equivalent to a quarter of malt weighing 
336 lbs., and similarly 256 lbs. of glucose or of invert sugar, or of 
Halved maize or rice, 272 lbs. of No. i syrup weighing 14 lbs. per 
gallon, or 328 lbs. of No. 2 syrup weighing 13 lbs. 2 oz. per gallon. 
It is only, however, with very badly arranged plant, or with the 
use of very indifferent materials or want of skill in working, that 
this condition of things can arise. 

Extract per Quarter Actually Yielded.— The brewer 
should never omit to a.scertain from day to day the. actual amount 
of extract which his goods are yielding, as this at once affords 
valuable inforqjation as to the manner in which work is being 
carried on. To do this, the number of barrels in each brew is 
multiplied by the gravity expressed in brewer’s pounds, and from 
this is deducted the amount of brewer’s pounds obtained from 
sugar or syrup. The liguro thus obtained is then divided by the 
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number of quarters of malt used. For instance, if in a brew in 
which 25 quarters of malt were used, and 14 cwts. invert sugar 
yielding 35 lbs. per cwt, 125 barrels of wort were produced of a 
speeihc gravity of 1055^, the total number of pounds of brewer’s 
extract contained in this would be 125 multiplied by 19.8 
(this latter figure being the e(juivalent of sp. gr. 1055°, i,e. 
1055 - rooo X 0.36= 19.8). The sum obtained would be 2475 lbs. 
of brewer’s extract, and of this 490 were obtained from sugar; 
deducting this, 2475-490 -^1985 lbs. were obtained from the 
malt; since 25 <(uartt'rs of malt were used, then 1985-4-25 
= 79.4 lbs. per quarter. 

Percentage of Extract upon the Malt.— As tliere is 
.some doubt as to what the actual amount of .solid matter in solu- 
tion which correspomls to i llx of l)rewer’s extra(;t is, or to a 
degree of specific gravity, it is impo.ssible to give an exact method 
of finding the actual amount of solid matter dissolved from the 
malt. The multiplying factor generally mnployed is 2.59, which 
is liased on the as.<umption that when i lb. of malt-extract is dis- 
.solvcfl in water and the amount imnle up to 10 gallon.s, the s])ecific 
gravity is raisecl 3.86 (h^grees (watiu*- 1000). 'rhough this is true 
for cane sugar in a 13 per cent, .solution, it is not so with regard 
to malt-extract, i {percent, of which, accor<ling to O’Sullivan, raises 
the specific gravity 3.95", in which ca.se the factor would l)e 2.532. 

For instance, if a malt yields 85 lixs. extract, and if the former 
factor is employed, the actual matter di.s.solved from a (piartcr of 
malt will be 85 x 2.59 = 220.15 Ib.s. ; if the latter, 85 x 2.532 = 
215.220. 

From this the percentage yi<dd of malt is obtained by the 
proportion .sum 336 : 100 : : 220.15 : 65.5, which is the iiercen- 
tage when the factor 2.59 is em|)loyed. 

FKU.MENTATION. 

iJuriiig the jiroce.ss of fermentation the wort is submitted to 
the acti«pii of yeast, through the influence of which considerable 
})ortion.s of its .saccharine constituents are converted into alcohol 
ami carbon dioxide ; it is here that the fluid first assumes its true 
character of an alcoholic ami fermented beverage. The methods in 
which this part of the operation of brewing is conducted vary con- 
sideraldy, though all have one. common olqect. They may be 
roughly cla.ssified under the following three heads — the (‘kaiwiKj 
system, the skimmiwj system, and the itone ^nuare .system. 

Addition of Yeast to the Wort— This is technically 
known Jis “pitching.” In many breweries the uswd custom is to 
add the pitching yeast, the proi^r quantity having been iweviou.sly 
ascertained by weighing, to the whole of the wort after it has been 
collected in the fermenting-tun. This plan cannot be recommen<le<l, 
since it delays the active reproduction of the yeast, and it should 
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be the brewer’s oljject to induce a rapid growth of yeast in the 
wort as soon as possible, for the sooner tliis is brought about the 
less chance foreign organisms have of obtaining a foothold. It is 
tlierefore much better first to run down a small portion of the wort 
at a temperature of from 65'" to 75" F., and to mix the yeast 
with this. In this way a raj)id and vigorous growth of yeast is 
secured from the onset, and the reproduction of any bacterial 
organisms, should these ha})pen to be present, effectually held in 
check. The remainder of the wort is then run in at a slightly 
lower temperature tlian that which the Avhole bulk is to have 
when collected, so that at the. finish the gyle may l>e at the pro])cr 
heat. The wort, while being collected, is roused at frequent inter- 
vals in order that the yeast may l)e evcmly diffused through it. 

Choice of Yeast for Pitching. — d'he fitness of yeast for this 
purpose is determined by its general and microsco[iical character- 
istics. With regard to the forimw, it should j)Ossess an agreeable 
taste and odour, ami, if derived from ale wort, should be of a pide 
yellow colour. The best yeast for pitching is oldained from medium 
gravity worts (18 to 20 lbs. gravity), wliicli are not too lieavily 
liopped. The first heads (»f yeast llirown off during fermentation 
are always very dirty, since tliey bring up with them much of the 
substances j)recipitated during cooling, sucli as the compounds of 
hop-tannin witli the albuminoid matters of the malt, hop-resin, Ac., 
and as they are quite unlit for pitcliing purposes, tliey ar(‘ thrown 
away. The middle skimmings, wliich yield the Ix'st ])itching 
yeast, are preserved. The last skimmings are also rejected, bi'cause 
th(‘ y(!ast finally tlirown off is not nearly so strong and vigorous as 
that of the middle skimmings. Much stress has l>een laid upon 
the pro[)er consistency of the pitching yeast, and it has been the 
rule only to use yeast from which the beer has beim allowed to 
drain to such an extent that the yeast is left in a, firm semi-solid 
pasty condition, without any tendency to .slopj>im‘Ss. Young yeast, 
which is generally thin be('ause suflicient time has not elapsed for 
the beer to drain away from it, sliould not, if good in other respects, 
be rejected on account of its tliinness ; naturally a little more 
must be added to allow for the beer it contains. Ihit thick yeast, 
whicli has become sloppy through age, sliould never be employed, 
for slo})piness in this ca.se is an indication that putrefaction has 
already commenced. That these external characteristics may be 
at times delusive is shown by the No. i Carlsberg bottom yeast, 
which, though it has yielded excellent results during a long 
series of years, is .saiil to lie wanting in all those external char- 
acteristics which are usually regarded as of importance. As to the 
age of yeast, in tbe opinion of Southhy and other reliable authorities, 
the younger it is the better; in extreme cases it should never be 
employed when more than a week old, and this during the coldest 
months in the year ; during the hottest it cannot be safely used 
'vhen more than four day.s old. 
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The yeast used for pitching should be frecpiently submitted to 
microscopic examination. Wlien t)laced under the instrument, tlie 
cells should appear uniform in shape and size, detached from one 
another, plump, and with sliarp, well-defined borders. The pro- 
toplasmic contents should be transparent, with cloudy markings 
here and there, the vacuoles clear and of moderate size. Very 
young cells have no vacuole.s, and their contents are quite clear and 
transparent ; as the cells mature the vacuoles increase in size, and 
the cell-contents become granular. The cells shrink in size as their 
age progresses, their walls becoriui thickened and wrinkled, and 
tlieir proto[>lasmic contents exceedingly granular. 'When this stage 
is readied, the cells are either quite dead, or so deteriorated as to 
be useless; consequently, a sample which contains even a trace of 
such cells should never b(‘ used for pitching purposes. The numlier 
of cells actually dead may be easily ascertained by running under 
the cover-glass a weak solution of one of the aniline dye.s, such as 
methylene blue, which immediately stains the dead cells a deep 
blue colour. 

Bacterial organisms should lie carefully looked for during the 
microscopic examination, .several fields of the same yeast ])eing 
systematically gone over, and the numl)er of bacteria j)res('nt in 
each noted. Good and reliable yeast ought to be j)ractically free 
from these organisms. 

Hansen strongly advises the employment, for pitching purposes, 
of that portion of the yeast which is produced in the earlier stages 
of fermenbition, since it is the least likely to be contaminat(Hl with 
wild yeasts. 

Quantities of Yeast required for Pitching. — The quantity of 
yeast to be used for this j>urpose is generally estimated by weigh- 
ing, and, when speaking of poumls of yeast, it must be understood 
that this refers to good thick stiff yeast. Should the yeast be 
insufficiently drained an<l contain beer, an allowance must be made 
for thi.s, and proportionately more yeast added. Tlie (juantity of 
y<*ast required for pitching a tun is usually calculated at .s(» many 
j)ounds of yeast per barrel of wort, ami its amount varies with the 
^lifferent cla.sses of beers, proportionally more being neces.sary for 
high gravity and for h«;avily liopped worts. From lbs. to 2 lb?, 
per barrel will ])e neces.sary for a bcer of 18 lbs. to 20 lb.s. gravity, 
brewed with 5 lbs. to 6 lUs. of hops |)er quarter of malt. A 24 Ih. 
wort, with 14 lb.s. to 16 lbs. of hop.s per quarter, will require from 
2 h lb.s. to 3^ lb.s. of yea.st per barrel, and worts stronger than these 
some J lb. per barrel more. The salts in the browing water, when 
their amount is not inordinately large, seem to have little or no 
effect iq)on the quantity of yeast required ; but when antiseptic.? 
are added to the mash or U) the wort, they exercise a retarding 
action on the yeast, and hence necessitate its addition in slightly 
larger quantities. This is es|)ecially true of salicylic acid and the 
bisulphites, though it is questionable if the monosulphites have 
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much iictioii in this respect. In thuse systems of fermentation in 
which a considerable amount of rousing and aeration takes place, 
the conditions are especially favourable to the growth and multi- 
plication of the yeast, and consetpiently less pitching yeast is 
required. The most vigorously active yeasts are those derived 
from beers of medium gravity which are not too heavily hopped, 
and such yeasts are therefore ])est ada[)ted for general [)itching 
purposes. Yeast, when continuously ])a.ssed through several gyles 
of strong wort, gradually l)ecomes more and more sluggish in its 
action, probably from being surfeited with nitrogenous matter. 
When frequently cultivated in heavily hopped worts, its surface 
acquires a coating of hop-resin, which naturally interferes with 
the fullilment of its pro{)er functions. 

Changes of Yeast. —In some breweries the yea.st, after being 
in use for a longer or shorter period, commences to evince signs of 
degeneration ; it gradually becomes slower and slower in its action, 
and performs its work generally in an unsatisfactory manner. 
"When this hai)[)ens a change of yeast has to be obtained from 
some other brewery. The deg<‘ncration is in many cases brought 
about by l)acterial contamination, and in this case a microscopic 
examination at once reveals the cause of the trouble. Yeast de- 
generation of this kind can oidy occur where brewing operations 
are carried on without a proper regard to cleanliness ; it is often 
(issociated with a dirty condition of the wort pipes and other com- 
miiiiicatioiis. In other casc'.s, the cause of the degeneration is much 
more obscure, and probably depends iq)on the yeast not tiiiding a 
sudiciency of some substance or sul)stances in the wort which are 
necessary for its perfect nutrition.^ Thausing lays the blame 
chielly on inferior malt or faults in the mashing process. While 
some brewers find it nece.s.sary to have a change of yeast every few 
weeks or months, there are others who are able to work with the 
same yeast for almost unlimited periods ; and, granting that the 
yeast invariably receives a ju’oper suj)j)ly of all the substances 
necessary for its nutrition, and that the brewing operations are 
conducted with a due regard to cleanliness, it is dilhcult to 
understand why this sliould not be more universally the case. 
The Carlsberg bottom yeast, No. i, which has been used at 

* A rwuiarkable instance of this occurred at the Kalinkiu Brewery, at St. 
Petersburgh, where Hansen's system of .single-cell yeast is employed. A yeast 
which had yielded eminently sHti8facti>ry results for two years began to de- 
generate, and became at la.st unn.sable. The cause of the mischief was found 
to be the absence of sufficient lime in the worts, the water employed at the 
brewery, both for malting and brewing purpo.se.s, only containing 0.91 grain 
of lime (CaO) per gallon. 'Ihe addition of gypsum to the steeping water and 
mash liquor brought back the yeast to its former pristine vigour, and restored 
the proper amount of lime to its ash, which was at first 4.48 per cent., but 
which had fallen as low as 0.54 per cent. 

It was found exp«!rimentally that a vigorous yeast introduced into a wort 
from which the lime had been almost completely removed by dialysis caused 
«• “bladdery” fermentation. 
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that brewery continuously since 1883, is an excellent instance 
of this. 

In making a change of yeast, the fresh supply should be, if 
possible, secured from a brewery working on different lines, and, if 
possible, from one where the worts were entirely produced from malt. 
Too great dissimilarities in the type of yeast should be avoided ; 
for instance, the slow-fermentation yeast used in the stone square 
system would be unsuitable for a Ijrewer working on the skimming 
system. The new supply should l)e rigorously examined before 
l)eing taken into actual use ; and, when a change is being effected, 
it is well to keep some of the old stock in liaml, as there is always 
a possible chance that the new may turn out worse than the old. 

^faking a change of yeast is always a matter of great uncer- 
tainty ; matters may be improved ])y the new supply, or the change 
may prove for the worse, and it is here that the extreme utility of 
Hansen’s reformed system shows itself. In a brew(*ry supplied 
with a pure yeast j>ropagating ap))aratus, the brewer, when his 
st(^ck of yeast begins to show signs of d(‘generation, inst(‘ad of having 
to seek a change of yeast from anoth(*r Iwewery, with all its conse- 
quent uncertainties, simply turns to his own apparatus, with the 
full assurance that he will there find a siq)ply of yeast of exactly 
the same nature and eharact<*r as the om* he has been using. 

Temperature at which Fermentation is Conducted.- 

This varies .^onniwhat with the diffenuit classes of beer. The 
weaker qualitie.s, such as those of a gravity of from 18 to 20 lbs., 
are generally started at about 58' to 60' F., and are not allowed to 
rise l)eyonil 70'. Rut the l)etter plan is n(»t to permit them to rise 
beyond 66', since a temperature above this is liable to encourage 
the growth of bacterial organisms. With stronger l)eers greater 
latitude is often allowed ; they are started at from 56^ to 58^ F., 
and allowed to run U[) to 75', sima* the larger amount of alcohol 
formed, couj)led with tin; more vigorous fermentation in a strong 
wort, .serves to keep bacteria in check, but. even these are all the 
better for being ket)t down to 66'. Low feriinjiitation t(;mperatures 
conduce to the production of In'crs having a fine flavour; nntre- 
over, they contain larger (piantitie.'^ of carbon dioxide in .solution, 
and are more stable. Sli-htly higljer temjK;ratures are admi.ssililo 
in the ca.se of ])lack beers; the brown ami black malts, to which 
these particular ty})e.s of ])eer owe their distinctive charaeteristic.s, 
appear to exert a certain anti.septic influence on tin; worts. 
Where the jilant is provided with powerful attemperators tin; 
fermentation may be commenced at a higher temperature and 
confined within narrower limits, .say between 62° ami 65'* F., with 
good results. 

Dressing^. — When the fermentation is sluggish and the yeast 
crop does not develop with its usual vigour, the heads being ])er' 
si.stently discoloured with hop-resin which ought to have been 
brought up by the first head.s, it is u.sual to dress the gyle, dhe 
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old-fashioned way was to take i lb. of wheat-flour and 4 ounces 
of salt for each ten barrels of wort in the gyle, and to mix these 
ingredients well together on the surface of the fermented wort, 
after which a thorough rousing was given. It was formerly sup- 
posed that the stimulative; action of the dressing on the yeast was 
due to the albuminoids of the wheat, which were dissolved by the 
salt. IShjw it is known that the efl'ect is (aiused by the diastase 
j)resent in the wheat-llour, and that in those cases wh(;re dressing 
is beneficial, the cause of tin* trouble is too high a percentage of 
the more unferinentable carbohydrates in the wort, which, after 
being degraded by the diastase of the flour used in dressing, are 
rendered amenabh; to the action of tjie yeast. It is now more 
customary to use the more diastatic malt-flour instead of wheat- 
flour, and this without the addition of salt. Dressing is always 
objectionable, ])ecause a number of l)acterial organisms and their 
germs are introdiu;ed into the, wort; consecprently, it should only 
be resorted to in very exceptional circumstances. 

Appearance of the Heads of Yeast during* Fermen- 
tation. — In all normal fermentations ihe yeast thrown up on 
the siirfaiM; of the fermenting wort, technically called the head, 
undergoes certain characteristi(; changes, and considerable infor- 
mation may lu; obtained as to the way in which the yeast is ful- 
filling its functions by carefully observing the h(‘ads. 'When the 
wort has been j)itched at the usual temperatures (58'" to 60 F.), 
the commencement of fermentation may be detecte<l in two or 
three; hours by tin; ap[M*arance of small laibldes of carbon dioxide 
which rise to tlie surface. In amtther two or three hours froth 
))egins to form round the sides of tin* vo.ssel, and this gradually 
extends over tin* whole surface and incrc'ases in volume, until 
what is tt*rmed the “ caulithover ” stage is reached; this then 
gradually pa.sses into the “rocky head” stage. The heads go on 
steadily increasing for a time, ami often attain a height of three 
or four feet abovt; the surface of the wort. The more or less 
frothy head now commences to fall and the “ yeasty head ” com- 
mences to form. This is in a (•onstant state of motion from the 
continual formation and bursting of the large bubbles of gas that 
is now being rapidly disengaged. With the commencement of 
the formation of the yeasty head, what is known as “ skimining- 
point” is reached, the normal time for this being about forty- 
eight hours from the time of pitclung. The gravity of the wort 
will by this time, according to circumstances, have been reduced 
to from one-half to two-thirds of its original gravity. It is at this 
point that the separation of tlio yeast from the beer begins in the 
cleansing and skimming systems, and it is also the point at which 
the treatment of the wort on the dillerent systems diverges. 

The Cleansing System. — Probably this is the oldest 
system of all, and is the survival of the old home-brewing, where 
the same tub did duty for masli-tun and fermenting vessel, 
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the beer being cleansed in the casks in which it was eventually 
stored. This primitive method of cleansing is still employed in 
some breweries, the wort, after being fermented for about forty- 
eight hours, being run into the trade casks and there cleansed. 
Later on larger casks, liolding from two to three barrels and 
known by the name of “loose pieces,” butts, and puncheons, 
came into use. These pieces were mounted on a largo wooden 
trougli called a stillion, ami from this arrangement doubtless arose 
the Burton union system. In the cleansing system the woi t is 
pitched at from 56" to 60" F., and the fermentation allowed to 
proceed until its gravity lias been reduced to about one-half, by 
which time its temperature, will have risen to about 70“, a point 
generally reached in thirty-six to forty hours from the time 
of pitching. The half-fermented wort is then run oil’ into the 
cleansing casks. This distribution of the wort into much smaller 
(piantities serves to keep its temperature down ; consequently, 
when the temperature of the fermeiiting-room does not exceed 
45" or 50’ F., tht‘ contents of the cleansing casks never rise higher 
than 70' with worts of medium .‘strength, or a few degrees higher 
with very strong worts. In the warmer mouths of the year, 
where the cleansing is perform(*d in loo.st* j)i(‘ces, there is a danger 
of their temperature rising too high ; conseipiently it is customary 
during the hotter months of the year to run oif the wort from 
the fermenting vat at a .somewhat earlier stage of fermentation 
before it has reached a temperature of 70"* F. The Burton unions 
are provided with attemperators, and these are used in the summer 
months for ki'eping the wort at the proper tenijierature. 

The yea.st which is removed <luring tlie process of cleansing 
carries away with it a certain amount of lieer; and unless some 
automatic arrangement, such as the Burton unions are provided 
with, is employed, th«‘ casks have to l>e repleni.shed liy hand, or, 
as it is technically teriiRsl, “top|i(!d uj),” at frequent intervals. 
If the casks are not kept completely full, a portion of the yeast, 
instead of being ejected through the bunghole, sinks to the bottoDi. 
The first topping up takes phu-e in about four hours after the bt'cr 
has l>een turned into the cleansing ve.s.'ol.^^, and is rej>eated every 
three hours while the fermentation is vigorous; when this .slackens 
the filling up is performed at le.ss frequent intervals. The beer 
used for this [)ur[>o.se should be as free from yeast as ])o.ssil)le. 

The Skimming System. — In this the fermentation is started 
in the same way as in the cleansing system, but when skimming- 
point is reached (p, 477), the wort, instead of being run off into 
cleansing casks, is well roused. As soon a.s the head begins to 
a.ssunie a distinct yeasty character it is skimmed off every six 
hours ; in some breweries oftener. This may be effected by hand 
or by any fonn of skimming apparatus with which the tun is pro- 
vided. The wort which pas.se.s off with the yeast should be freed 
from the latter as soon as possible and returned to the vat. As in 
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this system no sulxlivision of the wort takes place, the regulation 
of its tem[)erature is entirely tlepemlent upon the attemperators ; 
consequently these should be of ample power. When the tempera- 
ture of the fermenting wort has risen to a])out 59° or 59^“ E., the 
uttemperator is starteil slowly, and the How of water through it is 
so regulated that the heat is allowed to rise half a degree every 
three hours. When the teinperatuni has reached 65" or 66" the 
atteinperator is then set more vigorously into action, and any fur- 
ther rise in temperature prevented. When the fermentation on 
approaching conn)letion begins to slacken, the flow of water in the 
atteinperator is still further increased, and the tenii)erature of the 
beer brought thnvii, in the hotter months to 60" F., in the colder 
to a somewhat lower degrees ^ This cooling may, contrary to the 
opinion commonly held, be ra])idly elfected without any danger of 
the beer accpiiring a yeasty flavour. The skimming is kept on 
until it is judged that the beer will be able to throw uj) just one 
more head of sullicieiit thickness to ))rotect it from alu*ial contami- 
nation. The right point to stop skimming is found by pushing a 
smidl portion of yeast on one side and examining the surface of 
the beer thus exposed ; when this aj)pears black and clear, denoting 
that there is scarcely any more yeast in sus[)ension, the skimming 
is stopped, and the head which subse<iuently forms is allowed to 
remain untouched. Should the l»eer appear brown and turbid, it 
is a sign that a considerable quantity of yeast is still in suspension, 
and skimming must still be ke|)t on. It is better to err on the 
side of leaving too thick a linal head of yeast than the reverse. 

The Dropping* System.~Hn this, which is a modifleation 
of the skimming system, the b(‘cr is collected in the upper vat and 
pitched as in the skimming system. After the fermentation has 
nearly reached skimming-point (p. 477), it is run down into the 
lower vessel, where it is treatcMl exa(dly as in the skimming system. 
During the process of dropping, the wort is thoroughly roused and 
ai-rated, and leaves behind in the up[)er vessel much of those pre- 
cipitated matters which are collectively termed “slummage.” 

The Stone Square System. This system, which is ex- 
ceedingly popular in Yorkshire and the North of England, yields 
beers which drink very full for their gravity, and which, since 
they retain large (piantities of carbon dioxide, are full of life. 
The yeast employed is of a peculiar type, is exceedingly slow in 
its action, and requires the frequent rousings and aeration which 
are })eculiar to the system to compel it to fulfil its functions 
properly. The wort is pitched at a temperature of 58“ to 59" F., 
with a smaller proportion of yeast than under the other systems, 
from I to lbs. per barrel being sufficient. The yeast is 

^ The practice as to the tempt^ratare to which the wort is permitted to 
rise during fermentation, as also the time at which the attemperator is started, 
differs in nearly every brewery. Some brewers allow even their low gravity 
beers to rise to 72 ° F. 
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generally added to the wort when the whole of it is in the 
square ; but a much better plan is to add it to the first portion 
of wort, running this down at a temperature slightly higher than 
the remainder, hw the reasons already stated (p. 472). The square 
is pitched in the following manner : — The valve at the upper end 
of the organ-j)ipe is closed and a portion of wort run into the 
upper chamber; the yeast is then thi>roiiglily roused in with this, 
the vahe opened, ami tin* mixed yeast and wort allowed to How 
into the lower chamber. When the whole of the wort has been 
collected and pitched, it is left undisturbed for thirty-six hours, at 
the end of which it should have risen to about 62" F. It is now 
roused for the first time, the rousing being rtq)eateil eV(*ry two 
hours during tin? next twelve hours, at the expiration of whicli 
(forty-eight hours after pitching) pumi»ing commences. Refore 
starting the {)uni{» the valve of the orga!i-pii)e is shut, and as 
much wort pumped into the u]){»er compartment as is delivered ])y 
fifteen strokes of the pump; it is then well roused, so as to mix 
in the yeast which has risen through the manhole, after w'liicli 
the valve is opened and the wort allow'ed to flow back into the 
lower chainlx'r. Pumping and rousing are repeated every two 
hours, the number of strokes of the puni]) being increased at eacli 
repetition of the operations, beginning with fifteen strokes for the 
first pumping, and increasing by ten at each re[ietition. This 
is continm-d until tin* w'ort has rcaiclied a gravity some i or ih 
degrees higher than that recpiired at the finish. During the whole 
jieriod of fermentation the temperature nf the wort is kej)t within 
the necessary limits l»v means of the ;ittemperating jack(*t. Wiien 
the pumping ami rmising stage is pas.sed, the organ-pipe valve* is 
close<l, and tlu; yeast which ri.‘<es through thb manhole removed 
every four hours. After each removal the valve is o[)ened for a 
sliort time to allow tlm beer wliieh has draimal from the yeast t" 
run ilown into the lower compartment. When, by observing tlu* 
surface of the beer as in the skimming .system, tlie yeast appears 
fully removed, the temperature of the beer is gradually brought 
down by attemperating to 60' F., or a little lower. Tlie manhole 
is tln*n cfA'cied w’ith the cap, and the contents of the s([nare 
allowed to remain undisturbed for tw'o days, by wdiich time the 
beer is ready for racking into the trad(‘ casks. 

Settlingf. — Wlien the primary fermentation in the fermenting 
vat is completed, the beer is* fillowed to remain at rest for twenty- 
four hours or longer, in order that it may deposit the bulk of the 
yeast which still remains in suspension. This part of the process 
may take place in the fermenting vat itself, or in the settling back, 
where this ve.s.sel i.s employe<l. The latter vessel is ))y no nieuns 
80 frequently used as it wa.s formerly, for it is found that the less 
the beer i.- moved about and exposed to tlie air at tliis |)articiihii' 
stage tlie better. 

Racking. — As soon as the beer has Iwicome sufficiently biigld 
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it is run off, or, as it is termed, “racked off,” either into the store 
or trade casks, each of whicli, before being filled, is carefully 
examined to ascertain that it is perfectly dry, clean, and sweet. 
Care is taken that only the clear beer passes off, which object is 
secured by having, an arrangement of taps at different levels, or by 
a tap with an internal sleeve. For conveying the beer from the 
vat to the cask a leatlier or india-rubber hose is em[iloyed, one of 
its ends being attached to the tap in the vat, and the other pro- 
vided with a metal thimble or a piece of metal pipe. The object 
of the latter is to keep the end of the racking-tube close to the 
bottom of the cask, so that violent agitation of the beer, which 
causes the excessive frothing known as “ fobbing,” may be avoided. 
Each cask, after being filled, is tem})orarily closed with a bung 
and removed to some convenient place, where, after a period of 
rest, it is filled up by hand, the shive inserted, and the cask taken 
to the store cellar. 

Dry Hopping*. — It is usual to add a small quantity of fresh 
hops to beer at the time of racking; this is known as “dry 
hopping,” Hops of the best quality only are used for this purpose, 
such as Holdings or Worcesters, or the finest varieties of foreign 
hops, the former being added preferentially for their fine flavour 
and aroma, tin? latter for their ])reservative powers. The hops 
used should be absolutely free from mould, mildew, or other 
disease, and should be as little disintegrated as possilde. The 
quantities employed vary from half a pound to one pound per 
barrel, (»r more for very strong ales. The amount re(piired for 
each cask is weighed out and introduced into the em}>ty cask l)y 
means of a wide funnel through which the ho])s are ))ushed w’itli 
a short wooden rod, care being taken that the h(t])s are simjfiy 
loosened, and not broken into fragments. Hops added in this way 
confer additional flavour and aroma on the beer, since the whole 
of the essential oil which they contain is retained. They also 
assist in promoting condition, whicli is .«^o highly conducive to 
stal)ility. As was show'ii by Frown and Morris, hops contain a 
certain amount of diastase, which <legrades some (ff the lower 
dextrins, and brings them into a form in which they can be fer- 
mented by the yeast wdiich is always pre.sent in traces in every cask 
of beer.^ HopvS also a.ssi.st the clarification since they form points 
of attraction for lino particles of matter in .suspension, just as the 
wood chips or aluminium strips used by the Herman brewers do. 

Secondary Fermentation. — Feers, when stored in vat or 
ca.sk for any length of time, pa.ss, under normal conditions, into a 
very slow fermentation, which, to di.stinguish it from that whicli 
takes place in the fermenting vat, is termed “secondary.” Often 
the secondary fermentation becomes unduly excited ; the beer is 
then said to “fret” or “ kick up.” Such a state of matters points 

] Wahl {Der Braumeistcr, 1889, p. 307) found 295,000 ve.'iKt cells in e.ath 
cubic inch- of a bright finished beer, and in a brilliant eainple 82,000. 
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either to faulty goods or defective manipulation, or both, in the 
j^revious operations. Dining secondary fermentation the more 
lesistant dextrins are gradually and slowly degraded by the iii- 
vertive action of the yeast, assisted liy that of the diastase of the 
dry hops when these are added at the time of nicking, and probably 
also to some extent by the carbonic acid existing under pressure. 
The dextrins, wlien broken down in tliis way, become amenable 
to the fermentative power of the yeast, and by their fermentation 
keep the beer constantly charged with carbon. dioxide, in which 
condition it is much better able to resist the attack of disease 
ferments, if such organisms shouhl happen to be present. As 
carbon <lioxide holds the majority of disease ferments in clieck, 
saturation of the beer witli this gas is an important factor in ]>r()- 
moting its stability. The carbon dioxide produced under these 
<*ireu!nstances is evolved in tlie nascent state and under pressure. 
( ’onsequently, a }K)rtii>n of it combines with water to form the 
carbonic acid (H.^C(.).j), which gives the beer that peculiarly sharj), 
stinging sensation on the palate, especially noticeable in bottled 
beers which have been storetl for .some time. Certain compound 
ethers or esters are also formed on prolonged storage, and these 
are much concerned in the fine flavour characteristic of fully 
ripened and matureil ale.s. But the demand for beers of this class 
.seems t(t be gradually passing away ; the tendency now-a-days is 
towards less ripe and mature ales, and consequently the period of 
storage is often reduced to weeks, or is even omitted altogether. 
In the former case, tlw^ .secomlary fermentation is hurried on as 
rapidly as possilde by frequently rolling the cask.s, and thus ke(*p- 
ing the yeast in suspension. In the latter ca.se, the beers are sent 
out immediately after racking, dry hopping, and fining; conse- 
quently, what little secondary fermentation there is takes place 
in the imblican’s or customer’s cellar. The worts for such beers 
contain an abundance of readily fermentable matters, wliich dis- 
appear during the primary fermentation, and also some of the 
very low dextrin.s, which, though slowly feniKUitalilc bodie.s, pass 
off with suflicient rajiidity to keej) the lieer charged with gas. 

Priming. — Of late years it lias become customary to “prime” 
l)eers which are to Imj quickly consumed immediately before bein'; 
.sent out, and in this way to imluce a sort of artificial secondary 
fe*rmentation in them. Thi.s is effected liy the addition to the 
beer of a strong .solution of one of the readily fermentable sugars, 
such as cane or invert .sugar. The effect is transitory, being rather 
more permanent when invert sugar i.s emjiloyed, since, paradoxical 
as it may aiqiear, the l8evulo.se half of the sugar ferments with 
much greater rapi<lity when cane sugar is added than after the 
a«idition of inverted cane sugar. As hevulose is posse-ssed of con- 
sideTalile sweetening jiower, it also serves to temporarily increase 
the palate-fulness of the beer. 

The syrups u.sed for priming are made of a specific gravity 
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approaching 1150', but must not exceed this, since it is the 
highest gravity that the instrument used by the Excise officers 
is capable of verifying. Ihit in order to secure the best results 
the syrup should be as strong as is permissible. It must be kept 
in a special vessel properly gauged and marked. 

The Yeast of the Secondary Fermentation. — It will be re- 
membered that llrown and Morris (p. 148) found that when a 
wort was [)itclied with th(‘ SurcJiaronujces cerecisix only a ccjrtain 
|)ortion of its extract, wliich, under their theory, they assume ti/ 
be free maltose, was fermented, but that 011 the addition of one 
of the wild yeasts, sueli as S. eUipsoide/ts, a further portion of the 
constituents of the wort was fermented away. From this they 
concluded that the secondary fermentation couhl only be ellected 
through the agency of wild yeasts. Tiiey assuiiKKl that these 
obtained access to the wort during tlie time it is exposed to the 
air when on the cooler, refrigerator, Ac. ; and this view has met 
with many adherents. It has been found, however, that worts 
which have not been allowed to come in contact with anything 
but germ-free air after leaving the copi)er, ami which have been 
seeded with a })ure culture of orerisix, pass through the 
secondary fermentation just as readily as tliose brewed in the 
ordinary wijy. If the lightly-hopped beer from the propagating 
cylinder of a pure yeast cultivation apparatus is racked oil into 
a clean sterilised cask, it pa.sses througli a normal secondary 
fermentation, and hen* the chances of contamination with wild 
yeasts are comj)letely excliuled. The only conclusion which can 
be drawn from these facts is that the i>resence of wild yciists is 
not absolutely nececssary for securing the secondary fermentation. 
The *S. rerevisix is (piite able to efVect this without the assistance 
of any other yeast. Thus, one of the princij)al objections which 
were urged against Ih'. Hansen’s piv)po.sal to em{)loy a pure culture 
of the rerecifiix, and which is still iTiaintained in some quarters, 
falls to the ground. 

Antiseptics- — Thesi' substances, which are used as a sort of 
correctiv(i f<a* faulty mat(*rials or t>roct‘S.ses, are occasionally added 
to the mash litpior or to the contents of the ma.sh-tun, but more 
generally to the beer at the time of racking. All antiseptics have 
a prejudicial ellect on tie* flavour of .the beer, and some also, since 
they retard the action of the yeast during the secondary fermenta- 
tion, on its conditionin.g. The anti.septic.s u.sed in brewing are 
either the sulphite.s of calcium or .sodium, or salicylic acid ; and 
to these may be added the newly-intr»>duced formalin, which is 
^ strong aqueous solution of formaldehyde. Of these, bisulphite 
of lime is the one most frequently employed. It is prepared by 
the manufacturers in a solution of a gravity of about sp. gr. 1072 ^ 

* The value of bi.sulphito of lime when estimated from its 8i)ecific gravity 
'a often delusive ; it should alway.s be determined from the amount (»f 
sulphurous acid which it contain.^. 
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degrees, and is added from the rate of a quarter to a half pint to 
each thirty-six gallons of beer. Salicylic acid powerfully arrests 
the growth of disease ferments, but exerts a strong inhibitory 
action on the yeast also ; it may considerably retard, or even com- 
pletely arrest, the secondary fermentation ; consequently, beers 
treated with this antisei)tic are liable to drink flat and insipid. 
When employeil, it is added at the rate of a quarter to half an 
ounce per barrel of thirty-six gallons. Formalin has been suc- 
cessfully used in brewing, one fluid ounce being added to each 
10 barrels of the goods in the mash-tun, and a similar proportion 
to the wort in the fermenting vat.^ The fluorides have been 
proposed as bactericides, and, iimloul)tedly, they are very ])owerful 
ones ; but they should never be employed in brewing, because 
they are highly poisonous. 

Finingf. — Leer fit for (H)nsumption should be absolutely 
bright and clear ; in other words, all the matters which were in 
suspension should be either precipibited or removed. Owing to 
the taste now j)rcvailing for an absolutely bright article, ales 
which do not fulfil these conditions are hardly saleable. 

The teiulency of all l>eers properly bre\ve<l from good materials 
is to fall bright spontanenu.sly if stored for a sufficient length of 
time, but owing to the exigencies of the present day, in which 
quick consumption is the rule, sufficient time cannot generally he 
allowed for spontaneous clarification to take place* ; consiMpumtly 
it becomes necessary to employ some metiiod which will rapidly 
remove suspended matters from the beer. Finings made hy 
dissolving isinglass in sour beer (U* in a dilute .solution of an 
acid are almost universally employed for this purpose. 

Isinglass. — Though other substances have been occasionally 
employed for the manufacture of finings, isinglass alone has Ikmui 
found to yield a really satisfactory ju'Otluct. Isinglass, the host 
qualities of wliich are made from tlie. swimming-bladder of the 
sturgeon and otlier allicMl si)ecies, coiikcs into commerce in tlie 
form of thin shreds, leaves, pipes, and lumps; it varies in colour 
from white to deep yellow. The lighter coloured varietie.s coia- 
rnaiul the best pri' os, but the latter are saitl to yield the most 
j)OW'erful finings. Tlie article sliouhi be perfectly sound and show 
no signs of decomposition, such as are indicated by an unplea-saiit 
odour and flavour. It should di.s.solve without difliculty in slightly 
acid solutions, and the less insoluble matter, or “skeg,” a.s it 
termed, which it lea\a*s ]>ehind the better. 

Manufacture of Finings. — For this .several large ca.sks will he 
required ; these are unli<‘a<led and provided with closely-fitting 
covers ; also t\vo sieve.s, one coarse, the other fine. The quantity 

* Formalin abided at the rate of half an ounce per barrel was found by 
Rideal and Slater to deatroy the disease ferments without prejudicially affect- 
ing the yeast ; when added in larger quantities it arrested the action of tlw 
yeast as well. 
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of isinglass required is al)out 2J lbs. of the best qualities, or 
3^ lbs. of the inferior ones, for each 36 gallons of finings. 
The amount of isinglass requisite for a batch, after having been 
weighed out, is })lace<l in one of the casks, and as much water, 
to which the acid or acids to be, employed hav'e l)een added, 
poured in as will cover it. The cask is then closed, and 
the mixture well roused several times a day 5 enough Wiiter is 
added from day to day to k(‘ep the isinglass, which swells out 
considerably, submerged. When tlie “ glass ’’ is thoroughly sof- 
tened, or, as it is termed, “cut,” the mixture is passed through 
tlie coarser sieve, after which it is allowed to stand a few days 
longer. linally, it is passed through the liner sieve, made Uj) 
to the rcijuired bulk with water, and thoroughly roused, after 
which the finings are reaily for use. 

The Acids Used in Making Finings.— In former times sour 
beer W'as almost universally employed for the manufacture of 
finings, ami it is considered by many that the most eflective finings 
an! obtained in this w’ay. As sour beer is generally highly con- 
taminated W'ith acidifying bacteria, it is obviously a most unscien- 
tilic procedure, and cannot be too strongly comhmnied. This 
objection, however, would not apply to .<our beer which has been 
sterilised. 

the acids which have lu'cn found m<»st suitable for the manu- 
facture of linings are acetic, tartaric, and sulphurous. The first of 
these cuts well, but yields an arti<‘le which communicates an un- 
j)leasant llavour to the beer. linings mad<' with tartaric acid 
alone are apt to dec(.»mj)ose and turn mouldy : hence, when this 
acid i.s employed, it is u.sual to add a small <(uantity of sulphurous 
acid, which acts as an antiseptic, d'he.se acids may be used in the 
proportion of i lb. of tartaric a<‘id and i gallon of commercial 
(7.5 p(!r cent, H.,St ),j) sul[)hurous aci<l for each 7 lbs. of isinglass. 
It was supposed that acetic or tartaric acid cut better than sul- 
phurous, but it has been sh(*wn by Mattlo'ws and Lott that 
this is not the case.' In a seri<*s of comparative experiments 
they fmind that .‘^ul|thurous cut more quickly than the two former 
acids, which wen; tlicmsclves about equal in cutting power. The 
liiiing.s prepared with sulphurous acid were .souiul at the end of a 
month ; those made with acetic acid were also sound, but some- 
what mouldy ; tliosi* made with tartaric acid wore both mouldy 
Jind decomposed. It w\a.s found best to commence the cutting 
with a sulphurous acid solution of i per cent, strength, sufheient 
Water Ijcing added during the process to reduce this down to 0.2 per 
cent, at the finish. The.sc! ]>ro|)ortions are approximately ol)tained 
by diluting one gallon of the ordinary commercial sulphurous acid 
(containing 7.4 ])er cent. with six gallons of water, and 

afterwards gradually adding water until the tobal quantity of finings 
amounts to 36 gallons. Lactic acid was also found to be a more 
' Trans. Inst. Ih'cwing, vol. iv. p. 201. 
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eflective cutting agent tlian acetic acid, and to give somewliat 
clearer linings than sulphurous acid. Lactic acid is the chief 
cutting agent when sour heer is employed. 

Condition of the Isinglass in Finings. — ]\ratthews and Lott 
consider that the “glass,” when converted into linings, is held hy 
the acid in a state of true .solution. They could dilute the liquid 
portion of finings, strained oil’ through a ch>tli, indelinitely, without 
any precipitate l>eing thrown down. A dilute .solution of finings 
could also be liltered through tilter-i)aper, but, when such a solu- 
tion is made sliuditly alkaline, preci|>itatioii of the isinglass take.s 
place. 

Conditions of Fining. — Though the isingla.ss in finings is in a 
state of true solution, yet this state is one of an extremely unstalile 
nature, and is atlected by eomi'aratively slight iiiHuenees. blatters 
in suspension, such as cooler or beer grounds, inert substances, 
such as ])owdered glass, asbestos, yeast in suspension, Ac., were 
foun'l to cause coagulation and preci|»itatitin of the isinglass. Leer 
turbidity, when caused by bacteria, cannot be removed by lining, 
nor will beers in a state of fret take lining.s. The ])eculiar hazi- 
ne.ss known as “ greyne.ss,’’ which is supjiosed to be due to the 
pre.sence of nitrogenous matter in an extremely minute statr* of 
division, cannot be removed by lining. None of the ordinary 
sugars or dextrins appear to allect linings, but caramel causes ptre- 
cipitation, a large quantity of its colouring matter being simul- 
taneously carried down. 1 lop-resin in suspension also jirecipitates 
lining.s, ami is readily removal)le by them. Alcohol a])pears to 
favour the action of linings. The pncsence of 0.4 ])er cent, of free 
acetic acid, in addition to the lun'inal amount of acid contained in 
the beer (o.i per cent.), did not prevent the action of finings, but 
rather accelerated it. As litlh* as 0.2 [lor cent, of free lactic acid 
consi<lerablv impairs tlndr eHi<-i<uicy, and it is questionable if bci-r 
containing 0.5 per cent, or more of this acid would take linings at 
all. Carbon dioxi<le umb-r pres.sure can dissolve isingla.ss in water, 
but is unable to etfect its re-s"lution when it has been ])recipitated 
in beer, Ho{)-tannin, which has always been sujiposed to be the 
principal agent in causing tlie »’f>agulati«'n of finings, is ]>r(*sent in 
far too minute traces in heer to exert any action of con.sequeiice, 
though in the ca.se of <lry-hoppfMl heers its action may he great*'!'. 
Some brewers a*ld catechu or cuteli, wliicdi '‘ontains a large quan- 
tity of catechu-tannic acid, ami this exerts a marked influence ou 
fining. Fining, to be effective, mu.st never Ve comliicte*! at a 
temperature below 50° F. ; and finings .shoidd never, either during 
their mainifacture or afterward.s, he heated, or they comidetely lose 
their efficiency. 

Methods of Using Finings. — Occasionally finings are added to 
beer in bulk, as, for instance, when it is in the settling or racking 
tank, but this jilan cannot he recommended, althougli occasion- 
ally successful results have been (d)taincd l»y it. The proper place 
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to add finings to the beer is wlien it is in the trade casks, and 
then immediately before tliey are sent out. Tiiere are two 
distinct modes of fining, the one termed “fining in,” where the 
finings are permanently retained in the ca.sk ; the other, called 
“ fining out,” in which the finings are ejected after a short time 
from the hiing-hole of the cask. The chief merit of the latter 
mode, which is usually jxu'formed in the publican’s cellar, is its 
quickness of action. Beers treated in this way become, as a rule, 
brilliant in a few hour.s. 

In “ fining in,” the requisite quantity of finings is added to 
about three or four times its bulk of beer, the mixture well stirred 
or whisked together and poured into the cask, which is afterwards 
shived Uj) and well rolled to distribute the finings. In “ fining 
out,” the finings are similarly mixed with .some of the beer, the 
whole returned to tlu^ cask, and then Avell stirred in with a stick. 
The bung-hole is left open, and in the course of a short time the 
finings are ejected, or, as it is termed, “spurged out.” The ejec- 
ti<m is caused by the gas ilisengaged by the removal of pressure 
and by the agitation, which, becoming entangled with the coagu- 
lated finings, so lowcu’s tluur specific gravity that tlicy rise to the 
surface. In the former mode, no doubt, the finings float for a 
time from the .same cause, but afterwards, as the entangled gas 
becomes absorbed owing to the increased pressure inside the cask, 
they sink. 

Quantity of Finings Required.— For “fining in,” about one 
pint of good finings, containing the eighth of an ounce of isinglass 
j)er barrel, is, as a rule, sullicient. Stubl)orn ales may require more, 
but the quantity used should not exceed two pints per barrel. 
Any exce.ss beyond the cpiantity of finings absolutely necessary 
should be avoiiled, .since they only increase the ([uantity of 
“bottoms” or precipitated insoluble matter in the cask. In 
“fining out,” a larger proportion may 1)0 used without any pre- 
judicial result, since nearly the whoh^ of the added finings are 
ejected. 

Bottling. — Ale.s pro<luced for l)Ottling are of two entirely 
distinct type.s. To the former belong the older varieties of strong, 
bitter, and pale ale.s, which are allowed a considerable length of 
storage in cask previous to being bottled. To the latter belong 
the lighter ales of more modern origin, in which the storage is 
shortened to periods varying from six to two months, according as 
a more or le.ss ripe and mature article is demanded in tin* locality 
ill which they are consumed. It includes also the very light 
bottled beers, which have come .so much into vogue lately, and 
also those in which tlie cellaring previous to, and storage after, 
bottling are reduced to a minimum, condition being brought about 
artificially by impregnation Avith carlwn dioxide gas. 

Stronsf Bottled Ales. — In the production of beers of this 
class, only the best materials are employed, and these are brewed 
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ill the most careful manner with water containin^^ calcium sulphate 
in considerable amount. They are often prcnluced from malt 
alone, but more usually with 25 per cent, of glucose, and 
occasionally a small proportion of unmalted material as well. 
Hops are used at the rate of from 14 to 15 lbs. per quarter. 
The ale undergoes a protracted period of storage in cask, so that 
secondary fermentation is almost completed. Ales of tliis class 
should drop bright spontaneously. Immediately before being 
bottled any excess of gas is allowed to escai)e by means of porous 
spiling, care ])eing taken that the beer is not tlattened too much or 
it may absorb oxygen from the air, and this would be fatal to its 
subsequent brilliancy in bottle. The beer is run into the bottles 
by means of a tap, the nozzle of which is long enough to reach to 
tlie ])ottom of the l»ottle, or by means of a bottling machine. The 
bottles are corked immediately they are tilled, and, as recommended 
by Pa.steur, placed <*11 their sides for twelve or twenty-four hours, 
in onler that the oxygen in the .small amount of included air may 
be absorbed, after which they are stood upright in the store cellar, 
which .should be maintaine<l at an even temperature of about 
55'' F, Just before consumption they are .stored for a WTek or a 
fortnight at a temj)erature about lo" higlnu’ in order to bring them 
into condition. All bottles employed for bottling ales should be 
cleansed with the greatest care, and afterwards thoroughly dried, 
best by means of hot air; moisture left in tln^ bottles simiJy ^^ts 
as a trap for germ.s. 

Light Bottled Beers. — In the production of these a blend 
of good sound English ami foreign malts, with a .small proportion 
of prepared material, .such as flake<l maize or rice, together with 
in some ca.ses a portion of glucose or invert sugar, are used. !Mr. 
Chapman, in a paper read before the Institute of Brewing,^ urges 
'vith considerable force the employment of some form of limited 
decoction proce.s.s of mashing, such as that described on p. 459, in 
conjunction with a brewing liquor containing a fair amount of 
calcium suljihate and alkaline chlornles. In this w'ay considerable 
body and j>alate fulne.s.s are secureil. Hops may be u.sed at the 
rate of 6 to 8 lb.'<, per <juarter of malt. 'Ihe period of storage in 
cask for this cla.ss of beers varies in diflerent localities from six 
months to a few w'eeks ; where 8ln)rt periods of storage are 
adopted, the .secomlary fermentation has to l>e hurried along by 
frequent cask-rolling, the porous spile being frequently used, and 
great care is taken that the cask clianges do not proceed too far 
before the beer is I)ottled off. The ale under these circumstances 
rarely drops bright of itself ; consequently, fining has to be resorted 
to, and the smalle.st quantity of finings which will effect the 
object in view is used. The finings are added to tlie beer, pre- 
viously freed from any excess of gas, a week or a fortnight liefore 
bottling takes place. It is then bottled off under all the pre* 

* Journal of the Federated Imtitutes of Brewing, vol. ii. p. 274. 
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cautions described above in connection with the bottling of strong 
ales, after wliich tlie beer is stored in a room kept at a constant 
temperature of about 65“ E., so as to bring it rapidly into 
condition. 

Heating of Conditioning-Rooms for Bottled Beers. — The store- 
rooms for this puri)Ose are often heated during the colder months 
of the year with coke fires contained in braziers, but this is a very 
rough and ready way, since the heat is never equally distributed 
throughout the room. A much better plan, as suggested by Mr. 
Pdetcher, is to have a number of ordinary gas jets placed at the level 
of the floor, which have their supply of gas regulated by one tap on 
the main. Tliia will need adjusting several times in the twenty- 
four hours, so that the temperature!, as indicated by a thermometer 
suspended in the room, may be kei)t as e((uable as possible. I.arger 
storerooms may l>e economically and elliciently heated by means 
of four-inch cast-iron })ipe.s, into wliich are inserted at intervals 
small steam jets, fed from the steam-boiler and regulated by one tap 
on the steam main. The large pipes are conveniently sunk under 
the floor and covered with grating.s. A steam-trap, or some other 
means of getting rid of the condensed water, is a necessary adjunct. 
A small boiler, heated by gas, in conm'ction with a coil of pipes, 
arranged in the same way as in a greenhou.se, also forms an 
economical and ellicient a])paratus for keeping up the tenqierature 
(if .small conditioning-rooms. 

Carbonated Bottled Beers — As beers of this class are intended 
for rapid consumption, the materials used in their production need 
not be of tbe choice (piality nece.ssary in the two former ca.ses. 
The mashing liipior should contain a smaller quantity of calcium 
sulphate, and a fairly large amount of the alkaline chloride.s, and the 
form of limited deccK'tion method of ma.shing just mentioned may 
be advantageously employed. Tlie beer is all the better for being 
stored for six weeks or two months before being bottled; after 
storage it is fined, and, as soon as bright, (\arl)onated and bottled 
oir in one of tljo numerou.s machines constructed for this purpose, 
when it is ready for immediate con.sumption. It must be re- 
membered that the flavour due to carbon dioxide in artificially 
carbonated beers i.s at first distinctly different to that of those in 
which the gas is generated by slow fermentation in bottle, but if 
such Vieers be kept for a time it improves. In the former case, the 
gas i.s, to a great extent, merely in a state of solution ; in the latter, 
it is combined with water, and exists as carbonic acid, which is 
formed in the following manner: CCL -f ll20 = IL^COg. Probably, 
as suggested by Professor Liebrich, traces of ethyl carbonate are 
hirmed during the secondary fermentation, and this ether confers 
its agreeable flavour on beers of the latter class. 
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HEEH AND ITS DISEASES. 

1 )EER tit for consumption should po.sse.ss an agreoiihle flavour and 
aroma, be well charged witli carbonic acid gas, shouhl possess a 
certain amount of palate-fulness according to its class, aiul, on 
being poured into a glass, form a persistent foamy head. Peer 
must, alxive all things, in accordance with the present tastt‘, bo 
perfectly clear and bright ; it should also possess a slight, tliouch 
hardly perceptible, degree of acidity. 

Flavour and Aroma. — The.se ile}>end materially ujMin tlie 
em{)loyment of good sound materials, for it is obviously impos.sihle 
to brew a goo<l-flavoured beer from fusty malt, and it is erpnilly 
im|)Os.sible to secure the proper malty flavour fnun raw and under- 
cured material. Manipulation has also much to do with flavotir, 
so also has the quality of the water employed. The aroma will 
depend materially up(»n the quality of the liojis used ; it cannot 
be ex[)ected that an article with a Hn(‘ aroma will be produced if 
oidy coar.sedlavourod bops are employed in its manufacture. 

'I'he s|)ecies of ye.ast employed has, as was first pointed out 
by Han.sen, much influence on the flavour of beer, each diflerent 
.«‘})ecie.s pos.sessing <Ii(rerent properties in this respect. Hence the 
value of employing yea.st derived from one single cell, and con- 
sisting ah.solutely of one species, hy which one factor in tin* 
flavour of the l)eer is secured. It was first pointed out by this 
di.stiiiguished olnserver that the yea.st which ho had isolated and 
named S. Pastorianus Ao. /. wa.s able to develoj) an iiitcn.-ely 
nauseou.s flavour in beer. Erbnluiid .state.s that S. Pastonanvi^ 
yo. II. is al.so able to connnunicate a hitter twang to beer, and 
various other yea.st.s pos.se.ssing similar properties have since ht cii 
discovered by other observers. Another yea.st, I lamsen’.s S, aniwnilns, 
readily fennent.s wort, and communicates to the beer a fruity 
flavour. 

The Tf/ndee, which are frequently met with in wort, do not. as 
a rule, cause disease in beer ; one species which (Ironlund met 
with, and named T. nom CarUberfjisc^ ferments maltose, caiio 
.sugar, and glucose, and develops in beer an unpleasant bitt(*r taste. 
Lafar ha-s also isolated a mycoderma-like fungus from beer whi< h 
produces acetic acid. 

The bacteria met with in wort and beer 
trouble by the development of acidity. The 
these are the lactic ferments described on p. 246. They are all 

490 


principally caire 
onuest known 



CONDITION. 


491 


rod-sliaped organisms, with tlie exception of Lindner’s PejHococrus 
at'idi lactici. The Inityric ferments (p. 246) are rarely met with 
in beer. When they do intrude, they communicate to it the in- 
tensely nauseous odour and flavour of butyric acid. Acetic bacteria 
occasionally infect beer, and when permitted to develop there, 
give it a vinegardike ilavour, and turn it sour from the production 
of acetic acid. As these organisms canmtt thrive without air, they 
are only met with in beer which lias been allowed to become flat, 
and to which air has been allowed acee.'^s. As a producer of bad 
flavour may also be mentioned the Pediorarrus cererislic, ilescribed 
by Balcke,^ and a similar organism fouml l»y Keichard,- and termed 
P. mn'iimfoiiuis. It produces chiefly .alcohol and lactic acid. 

Condition. — Tliis is maintained (excejit where the beer is 
artificially impregnated with gas) by the constant slow evolution 
of carbon dioxide during the secondary fermentation, which is 
secured by leaving a certain amount of the slowly fermentable 
dextrins in the beer at the close of tiie ]»rimary fermentation. The 
nature and (juantity of these will depend m.aterially upon the par- 
ticular class of beer; ales which are stored for long ])eriods will 
require fairly large (juantities of very slowly fermentable bodies, 
tliose for quicker consumption less of these .and more of the readier 
fermeiifable bodies, which should be exacfly fitted to the type of the 
beer. If, in the case of store beers, too much readily fermentable 
matter is left, fretting emsues, and in the end too much extract is 
fermented away ; such beers consequently, at the time they should 
he rijjc and fit for consumpti<m, drink thin and poor., In beers for 
quicker consumption, if the.se matters are too large in quantity or 
of too fermentable a nature, a tumultuous secondary fermenlatioii 
is imluced. This keeps the yeast in suspension, and, as a conse- 
quence, such beers will not take fining.s. Should, on the other 
hand, thc.se slowly fermentable bodies be present in too small a 
quantity, then the .secondary fermentation (‘ither entirely c(‘ase.s 
or is .so .small that the beer is not kej»t in condition. It l)ecomes 
flat in tlie cask, and in tliis state is especially amenable to the 
attacks of any disea.se ferments which it may hajqien to ccuitain. 

Palate-Fulness. — The amount of palate-fidne.ss re(piired in 
a beer will depend materially on its type, and on the taste pre- 
valent in the neighbourhood where it is consumed. 

Heeivs should never ta.ste thin ; an amount of extract slu>uld 
alw.ays bo left after fermentation sufficient to give the nece.ssary 
l>ody. As to the nature of those constituents of the extract 
which essentially contribute to palate-fulness, little is known with 
certainty. This property does not appear to bo altogether de- 
pendent on the quantity of the extract left, but rather on its 
quality ; for of two beers l)rew<Hl at the same gravity and fer- 
niented to the same degree of attenuation, the one may drink full 

* iroo/i. /. Bran., 1S84, p. 1S5. 

Zext. f. g. lirau., 1S94, p. 257. 
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and round, the other thin and poor. The more highly coloured 
malts, that is, those which have been exposed to a greater degree 
of heat on the kiln while containing a fairly high percentag (3 of 
moisture than the pale varieties, produce fuller beers. Constituents 
which have a sweet taste also confer palate-fulness on beer, and 
this is heightened by the simultaneous presence of sodium chloride. 
The effect which priming has of giving fulness is well known, and 
probably depends to some extent on tlie sweetness of the sugar 
used for priming, and also on the increased amount of carbon 
dioxide evolved, for beers well charged with gas drink much 
fuller than flat samples. It is extremely probable that the nitro- 
genous constituents help in this dir«*ction, as also do the gummy 
and pectinous bodies of the malt. Prior ^ is inclined to attribute 
some of the palate-fulness of beer to the kind of yeast employed ; 
thus it is often ft)und, in two beers })roduced from the same 
materials and brewed on exactly the same lines, that the one 
fermented with one variety of yeast will be much fuller on the 
palate than that fermented with another variety. This he attri- 
butes to the guininy substance which some yeasts secrete in mucli 
greater ahum lance than others. 

Thinness in Flavour.- -This may be brought al>out by too 
great a reduction of the extract during the j)rimary fermentiition. 
Even when a sullicient amount of extract lias been left, and this 
of the right quality, it may be removed by the action of the yeasts 
during the secondary fermentation, should these be of such a 
nature as to la? able to hydroly.se and ferment the higher dextrins. 
Many bacteria also .secrete diastatic enzyme.s, which, acting on tlie 
higher dextrins, remler them amenable to the yeast. There seeiu.s 
to l)e no rlefinite relation between the vi.scosity of a beer, a.s 
ascertained experimentally, and its jtalale-fnlne.ss. Beers which 
contain more than the normal amount of acidity also taste thin. 

H68.d. — (»ood beer should, iipon Ixdng poured out into a gla.ss, 
form a goo<l foamy lieail, capable of jier.-'i.sting for some time. The 
formation of this head depends upon two factor-:, the pre.sence in 
tli(! beer of a soflicient quantity of combined carbonic acid and of 
bodies which give it a certain amount of vi.scosity. This enabled 
the beer to entangle and retain Ilie liberated bubbles of carbon 
dioxide as a foam on its siirfnce. What the j)articular consti- 
tuents of the extract an* whicli confer tliis property on beer is 
not known with certainty; it i.s 8Up)»o8ed to l)e dependent on the 
gummy and pectinous siiKstances of the malt, and ]>erhaps to some 
extent to the higher dextrins and to the hop-resin. Wahl ami 
also Windisch* attribute vi.scosity to the jjroteoses ; these, wlu n 
se])arat<id by .salting out either with ammonium or zinc sulpluite 
and redi.ssolved in water, give a solution which readily forms a 
persistent foamy liead. Tlie latter considers that a siifticiont 


* Chem. 
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amount of the proteoses is already formed in the malt, and that 
any further proteolytic action on them in tlie mash-tun, such as 
that which can be brought about at temperatures under 150“ R, is 
undesirable. 

Brightness. — Beer ought to be perfectly clear and brilliant ; 
it should show no sign of opalescence, dimness, or turbidity. 

The causes of a reverse condition of things are manifold. 

A more or le^^s turbid condition may be caused by unorganised 
suspended matters, such as starch, dextrin, proteids, galactoxylan, 
or liop-resin. Turbidity from starch and dextrin are rare, and can 
only arise from the employment of malt of extremely low diastatic 
power, or from some fault in the mashing process by which too 
much diastase is destroyed, or through the use of raw material in 
too large a quantity. In connection with this, it must be borne 
in mind that Mittelrneier’s erythrodextrin No. L (see p. 163) is a 
comparatively insoluble body. Turbidity from this cause can be 
removed by the addition of cold-water malt extract. The proteids 
also at times develop turbidity ; the cause for this may be, accord- 
ing to Prior, ^ umler-germinated and incompletely modified malt ; 
material made from barley too rich in nitrogen ; too small an 
increase of yeast during the fermentation ; or too low a degree 
of attenuation. The slightly soluble conqmunds w’hich the pro- 
teids of the malt form with the tannin of the hops are probably 
the cause of that form of turbidity which api)ear.s in beers when 
their temperature is reduced, and whicli disappears as the tem- 
perature again rises. A rare form of haziness is said to be caused 
by the hop-resins being partially thrown out of solution ; it 
probably never arises when good sound hops are emjdoyed, and 
is })robably due to some prejudicial change liaving taken place 
in the hop-resins either during the harvesting or storage of the 
hops. 

One of Hansen’s most remarkable discoveries is that beer 
turbidity can be caused by certain species of yeast ; this he first 
show'ed to be the case with reference to S. Pasforiantis I. and ill, 
and S, ellipsoiiJeus Jf.^ and several other yeasts have been found 
which behave in a similar manner. But it has l)een decided by 
direct ex|)eriment that these “wild yeasts” can only do harm 
when they are present l>eyoiKl a certain quantity ; when below 
this they are held in check by the ordinary yeast. It has also 
been shown by Hansen that two yeasts, whicli individually give 
bright l)eers, may, when employed in combination, yield a turbid 
beer ; thivS was found to be the case with the S. cerevisix No. I. 
and //. of the Carlsberg Brewery. 

It must be remembered that yeast turbidity is a normal con- 
dition during the primary fermentation, and it only becomes an 
abnormal one when prolonged l>eyond a certain stage. There are 
considerable differences in the way in which the various cultivated 
^ Chm. u. Phytiol. d. Bier, p. 508. 
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yeasts behave at the close of the primary fermentation; some 
have a tendency to clot together in small aggregates and leave tlie 
beer clear, others appear to be of a more pulverulent nature, and 
tend to remain in suspension as clay does when mixed with water. 
The brewer wlio requires quick clarihcation will avoid the latter. 
Slow brightening, however, does not always denote a bad quality 
of yeast ; for instance, the beer fermented with the Carlsberg 
S. cerei'isiiK No. I. takes much longer to clarify than the beer 
brewed with No. //., but it is more stable. Yeast turbidity, 
unless the lieer is in a state of fret, is removable by fining. 

.i\^nother set of organisms nearly allied to the SaccJiaromyeetes, 
the S. myco>hrma\ are frequently fouinl as a film on beer, but, 
as a rule, they do not cau.se trouble. Lasche ^ has describee! four 
varieties of these organism.s, of which Nos. i, 3, and 4 were able 
to cause beer turbidity, while No. 2 did not appear to act in this 
way. The most serious kind of beer turbidity, however, is that 
induced by bacterial organisms, for when due to this cause it 
cannot be removed by finings, and it is generally associated with 
such profound alterations in tlie odour and tlie flavour of the beer 
as to render it unsaleable. All the bacteria which have been 
mentioned in connection with flavour, with the excej)tion of 
Pasteur’s lactic ferment, produce turbidity. 

It has l.)een a much-debated (piestion as to M'hether the 
Sarcinx. are al)le to cause disease in beer or not. Balcke - found 
that the P. rerevisi^r caused turbi<lity and communicated an un- 
|»leasant flavour, and tins was confirme<l ])y Reincko'* as well as 
by Lindner. On the other hand, Peter.sen and Hansen^ regard 
thi.s organism as a perfectly harmle.ss one. Probably different 
species of SarcifUK e.xist so much alike in appearance that it is 
impo.s.sible to differentiate them microscopically, some of which 
are innocuous, others not. The P. sarein^t'/orniix of Reichard 
(p. 249) i.s often pre.sent in wort or beer without causing trouble : 
at other timc*s it evinces an inten.se virulence. He showed 
that the noxiousne.ss of the organism was much influenced liv 
the temixjrature at which it wa.s cultivated, low temperatures 
increasing, liigh temperatures diminishing its virulence. When 
pediococci, which had l>een cultivated in unhopped wort, were 
added to wort before the j)rimary fermentation, they did not mani- 
fest signs of malignancy ; but wlien the organisms had passed 
througli a fermentation they became virulent, and those wliich 
were derived from an infected beer were tlie most baneful. The 
organism showed its influence most in weakly attenuated beers, in 
which the secondary fermentation had been violent. When grow- 
ing in an anaerobic condition amongst the sedimentary yeast at tlie 

' Drr liruuniciiUr, 1 89 1, p. 200. 

Woch.f. Jirau.f 1 884, p 105. 

» Iht l., 1883. p. 74S. 

* Zcit.f. Jirau.f 1890, pp. I and 7. 
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bottom of the cask, it appears to be harmless, but ■when, as in a 
fietty beer, it is brought to the surface by the rapidly evolved gas, 
it there meets with small amounts of oxygen, and these appear to 
increase both its powers of reproduction and its virulence. 

Ropiness. — This condition may be induced by the B. viscomx, 
Nos. 1 . and II., described on p. 247. It is only wdien these 
organisms obtain access to the wort before the primary fermenta- 
tion that they are able to exert their baneful influence ; when 
added afterwards, they do not aj)pear to exert an injurious action. 
According to Lindner, beers containing much assimilable nitro- 
gejious matter, and also beers which have been attenuated to a 
considerable extent, are the most liable to be all'ected in this way. 
Tin' ropiness is caused Vty the ])roduction of two mucilaginous sub- 
stances by the bacteria, one of whicdi contains nitrogen and is 
insiduble, the other is nitrogen-free and S(»lu 1 )le in water. When 
the wort contains an amount of acid erpial to 0.125 ^^ctic 

acid, these organisms do not seem able to cause ropiness. 

The Pediocorrus visrn.sus (page 249), has been found to cause 
ropiness in (lerman wliite b(‘er. A series of intermittent out- 
breaks of this disease in beer was traced Iw brown and Morris^ 
to the aerial infection of the worts when on the cooler by this or 
some other closely allied organism. It formed small yellow, wax- 
like glistening colonies on meat-lirotli gelatin. Its habitat was 
traced to the soil of a yard a<ljoining the fermenting room, 
occupied by a t)ork- butcher, which was polluted wdtb putrid 
animal refuse. 

As V)acteria are such <langerous foe.s, it should be one of the 
brewer’s fir.st cares, by the strictest attention to cleanliness in 
every portion of the l)rewery itself, in the i)lant, and especially 
in the W()rt mains, to eradicate as far as possible these olmoxious 
organisms. Even with all po.ssible care th<‘v cannot l>e absolutely 
e.Kterminated ; yet, if kept in subjection, they are unable to do 
harm ; it is only when allowed to get the ui>per hand that they 
are able to evince their miscliievous propensities. Thanks U) the 
teachings of Pasteur, their dejurdations are not now nearly so 
frc'rpieiit as they formerly were ; it is as rare now-a-days to meet 
with samples »>f yeast swarming with bacterial organisms as it was 
coiiimon twenty years ago. 

^ Journal of the Federated Institutes of Breioimj, 1S95, p. 14. 
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APPENDIX A. 

Solution Weight and Solution Factor.— In a paper read before 
the Chemical Society,^ Brown, Mori'is, and Millar .state that, provided 
the solution weight of a su]>.stance for eacli degree of concentration is 
accurately known, they consitier the estimation of the solids in solution 
from the density of the solution is capable of as great, or in most cases 
of greater, accuracy than hy a determination elfected in the u.sual 
manner by drying, unless special precautions, that are practically im- 
po.ssible in the ordinary routine of analytical work, are taken. 

The authors have made a number of fre.sh determination.s of tlie 
solution weights of a numlier of the sugars and of various starch 
transformation products. The last traces of moi.sture were removed 
from the substances dealt with by a process devi.sed by Lobry de 
Bruyn and Van Leent. It consists in |tlacing tlie sugar or other 
body in a small ila.sk, whicli is placed in a water or oil bath, and 
connected with another small llask containing anhydrous phosphoric 
acid, a vacuum being maintained in the apiiaratus during the arying 
process.'^ Ph'om the results thus olitained, the .solution factor was deter- 
mined for various concentrations. Tliey were found, as in the.case of 
cane sugar, not to be directly proportional to the percentagc.s present 
in solution, but might be expre.s.sed in the form of a series of curves. 
These are given in a table, and by consulting this the proper solution 
factor for any concentration of any of the sugars given can be found 
by inspection. The .solution factors for solutions of several of the 
.sugars and starch transformation products at a density of 1055 and at 
a temperature of 15.5 C., taken from the table, are as follows 


Anhydrous glucose . . . .3.825 Low .starch conversion [a]„ 149.7° 3.947 

„ cane sugar . . . 3 ^59 Medium „ „ 173 9 ° 3*985 

„ invert sugar . . 3*883 High ,, „ l8i>.6° 4.000 

„ fructose .... 3.907 Amylin or de.xtrin 4.206 

„ maltose .... 3 916 


They point out, in defence of their liaving u.sed the 3.86 factor 
for starch conversion priKlucts, tliat, so far as ascertaining the percent- 
ages of the constituents is concerned, the factor employed is a matter 
ut indifference, provided the specific rotatory powers and reducing 

^ Jour. Chen. Soc., 1897, p. 72. 

^ Oat, in a recent contribution to the Chevi. ZeiL. criticises the above work, 
and defends his own method for obtaining waterdree maltose. He points out 
that the high temperatures employed by Brown, Morris, and Millar would 
lead to a slight decomposition of the substances, and that, consequently, all 
values obtained with such altered bodies must be incorrect. 
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values of the constituents corresponding with those of the particular 
divisor taken are used in the calculation. They can be readily calcu- 
lated into the true aniouuta as soon as the true factor for the par- 
ticular starch conversion is known. At the same time, they call 
attention in a footnote to the fact that this is only strictly correct 
when the solutions are of approximately the same density, and the 
constituents possess identically the siime divisor ; but they do not 
consider that the error thus introduced is sufficiently large to vitiate 
their former work, or the conclusions based on it. 

When the curves of the divisors for the different grades of starch 
conversions are examined, it is found that for ecpial concentrations the 
divisor fnr high conversions is greater than tliat for low — in fact, there 
appears to be sojne inverse ratio between it and the amount of apparent 
maltose present. 

It was found that if the mixed products of starch conversions were 
assumed to consist of dextrin and maltose, and that the maltose, which, 
according to the amyloin theory, exists in combination with dextrin, 
was assumed to have tlie same solution density as free maltose, it became 
possible to obtain l)V cidculation the divisor for the amylin or dextrin 
constituent. This was done for various conversions, and the curve 
thus found is guven in the table. Though, as pointed out, it is some- 
what improbable that the solution factor for coml)ined and free mal- 
tose would be the same, yet it w'as found that when this dextrin curve 
was used in conjunction with the maltose curve it was possible to 
determine, within certain limit.s of concentration and with a fair amount 
of accuracy, the solution divisor for the mixed pnxlucts of any starch 
conversion brought about by diastase, the apparent maltose percentage 
being either obtained from the opticitv or cupric reducing power of 
the solution, A table calculated in tins way is given showing the 
divisors to l)e employed for solutions of starch conversion product.s 
of various concent nit ions and of dilferent opticities and reducing 
powers, 

Oupric Reducing Power— In a continuation of the j)aper the 
authors discuss the methods hitherto employed in estimating cu])ric 
reducing powers, and give a detailed description of the method now 
employed by themselves. Cl’Sullivan’s meUKxl, where a tilter-mper 
i.s employed, is abandoned, and a Soxhlet filter-tube used instead, the 
resulting cuprous oxide l>eing weighed either after reduction to metallic 
copper or after oxidisation to cupric oxide. A table similar to that of 
Wein is appended, in w’hich the number of milligrammes of maltose 
equivalent to the numl)er of milligrammes of Cu or CuO for various 
concentrations i.s given when their method is employed. They found 
that within 150 to 300 milligrammes of Cu the k 3.86 and the k abso- 
lute of maltose \^ere respectively 61.14 and 62.24. 

They also find that an error ha.s crept into Wein’s table for maltose, 
the results there given being 0.5 per cent. to<j low. 


APPENDIX R 


Speeifle Rotatory Power. — In the same pajier the authors discuss 
at considerable length the methods for the exact determination of the 
opticity of bodies, and of the relations of the expressions [a]j and [a]u- 
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They have compared the readings obtained with solutions of the various 
sugars and starch conversion products (some at different concentra- 
tions) in a Ventzke-Scheibler instrument with the readings obtained in 
another polarimeter used with tlie sodium light, an<l find that, with 
the exception of cane sugar, the two sets of readings are slightly dis- 
proportionate, showing that the dispersive powers of these are slightly 
higher than that of quartz or of cane sugar. Moreover, they find that 
the expression [a], has been used for two rays of different refrangibility ; 
in the one case, which they distinguisli as [ajj Biot, 24“, and in the other, 
distinguished as [a]j Montgoltier, 24.5'’ are equivalent to 21.67'' of instru- 
ments which use the sodium light. A talde is appended showing these 
various relations. 


APPENDIX C. 

The Law of Definite Relation —In another paper, Brown, Morris, 
and Millar^ give a of t)ie former work by which this law was 

gradually established, and sliow that by the application of the refine- 
ments recently introduced, and wliicli have just been described, that it 
still holds good, 'I'he authors now take for their factors soluble starch 
having a reducing power of R=o ami an opticity of [a],, =202°, instead 
of the non-reducing dextrin, and maltose liaving a reducing power of 
R--100 and an opticity of [a],. - 138' ; consequently, the .specific rota- 
tory jiowerand cupric reducing powers of the ju'oducts of starch hydro- 
lysis are ex[)res.sea by the eipiation [a]„= 202 -0.64 R. 

The relations found in a large number of sUrrch transformation 
products, and evaluated by means of this e(piation, are given in a 
table, and the differences between the observed and calculated values 
are exceedingly minute. The results are also plotted in a system of 
rectangular co-ordinates, and as the values fall practically on a straight 
line, this shows that the optical and reducing ])owers are jiroportioiial 
to one another. They also compare in the .same way Lintner and Diill’s 
figures, and find that (after making an allowance of 2 per cent, for 
water, which from the method of drying cmploved they consider the 
substances would proliably contain) all, with the sole exception of 
isomaltose, are found to conform to the law. The same is the case 
with Ost’s results, which, as they were taken on the water-free sub- 
stance.s, required no modification. 

The authors emphasise the fact that this law was deduced experi- 
mentally, and (juite independently of any theoretical considerations. 
They are of opinion that when explained it will form the key to the 
question of starch hydrolysis. 

Rolfe and Defren^have found that some similar law holds good 
among the products of starch liydrolysis by means of dilute mineral 
acids. 


APPENDIX D. 

Alcoholic Fermentation without Yeast-Cells.— The view pro- 
pounded by Liebig (p. 291), Traube and Hoppe-Sevler (p. 334), 

that this fermentation is caused by an enzyme secreted oy the yeast- 

^ Jour. Cheftu Soc., 1897, p. I2t. 

’ Jour. American Chm. Soc., 1896, p. 869. 



500 


APPENDICES. 


cell, has lately received considerable confirmation from the recent 
investigations of Eduard Buchner,' who has found it possible to pre- 
pare a licjuid from yeast which was capable of exciting the alcoholic 
fermentation. It was obtained by grinding together looo grammes of 
pressed brewery yeast ([)reviously freed from adherent liquid by being 
submitted to a pressure of twenty-five atmospheres, or about 350 lbs. 
to the square inch) with an equal weight of (piartz sand and 250 
grammes of kieselgiihr until the mass became moist and plastic. 
With this, 100 c.c. of water were intimately mixed, the whole placed in 
a press-cloth and submitted to a pressure of from 400 to 500 atmos- 
pheres (about three to four tons to the square inch) in a hydmulic 
press ; about 300 c.c. of yeast-extract were obtained in this way. The 
cake was removed from the cloth, ])0wdered, sifted, 100 c.c. of water 
mixed with it, and again similarly submitted to hydraulic pressure ; 
in this way another 150 c.c. of yeiv^t -ex tract were obtained. The secret 
of the operation appears to lie in the complete rupture of the cellulose 
envelopes of the yeast-cells, whicli can only be accomplished by long 
grinding. The yeast-extract thus obtained was a clear, slightly opal- 
escent, yellow tluid, of a specific gravity of 1042, having a plea.sant 
yeast-like odour. On being boiled, coagulation ensued to such an 
extent that the li(piid became a semi-solid ma.ss. 'Ihe extract con- 
tained about 10 per cent, of .solid matter in solution. 

The most interesting property of the extract was its power of ex- 
citing the alcoholic fermentation when added to a .solution of either 
gluco.se, fructo.se, cane .sugar, or inalto.se. On e<jual volumes of the 
yeast-extract and of a conceiitratefl solution of one of the.se sugars 
l>eing mixed, a regular evolution of c<irbon <lioxide commenced in from 
fifteen minutes to an hour, which lasted .'several days. A .solution of 
this kind, kept in an ice-chamber, and in which fermentation had l)een 
proceeding for several day.s, gradually became turbifl from the coagula- 
tion of jiroteid matters, but no trace of micro-organism.s could be 
detected in it. The addition of chloroform did not arrest the fer- 
mentation, and a jKirtion of the extract, which had lieen ])a.s.sed through 
a Berkefeld filter (which would certainlv retain any micro-organisms), 
when mixed with a .sterili.sed .solution o^ cane sugar, fell into a state of 
fermentation in about a day’s time, at the temperature of an icc- 
chaml^r. When a j)archment-paper tube fille<l with the yea.st-ex tract 
wa.s su.spended in a 37 per cent, .solution of cane .sugar, minute bulibles 
of gas made their a}»jjearance on it.s .surface in a few hours, while the 
contents of the tulie tell into a lively state of fermentation owing to 
the .sugar which had diffused into the tube. The fermentative power 
of the extract gnulually di.sappears ; a quantity kept in an ice-chamber 
for five days was found to be unal)le to act U]>on a cane sugar solution ; 
but, on the contrary, when a quantity of fresh extract was added to 
such a solution, and the mixture placed in an ice-chamber, fermenta- 
tion continued for a fortnight. 

In an atternjjt to ascertain tlie nature of the .sul)8tance j)resent in 
the yea.st-extract which cau.sed fermentation, it wa,s found that wlicn 
the liquid was heated for an hour to from 40' to Co' (v., the filtrate from 
the coagiilum in one exj)erimeiit excited a feeble fermentation in a 
solution of cane sugar, but in another experiment it proved inactive. 
Evidently the active substance was coagulated at this comparatively lo"’ 
temperature. 


' BerickU, xxx. p. 227. 
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In a second paper ^ the same author shows that the fermentative 
action is not brought about by minute fragments of yeast-protoplasm 
suspended in the li(|uid. He finds that the instability of the veast- 
extract is not due to the action of atmospheric oxygen, but probardy to 
that of a proteolytic enzyme ; and this latter hypothesis also exjdains 
the preservative inlluence of a concentrated solution of cane sugar, 
whidi, it is considered, would destroy the activity of the proteolytic 
enzyme. Antiseptics, such as chloroform, benzine, &c., do not destroy 
the activity of the yeast-extract ; but, as they possess a powerful inhi- 
bitory inlluence on the growth of living yeast-cells, it is only fair to 
presume that their inlluence on portions of protoplasm deprived of a 
protective cell-wall would be still greater. Buchner was able to eva- 
porate the yeast-extract to dryness by exposing it in thin layers to a 
temperature of from 30" to 35’' (J. (86'' to 95' F.) in a partial vacuum. 
When the solid matter obtaineil from the extract in this way was again 
dissolved in water and a<ided to a 75 per cent, .solution of cane sugar, 
fermentation commenced in from si.x to ten lionrs, and lasted for several 
day.s, the dry residue retaining its activity for twenty days. It was 
also found j)ossib]e to i.solate an active sul)stance from the extract by 
precipitation with alcohol. 

All these facts indicate that there is ])resent in yeast an enzyme 
which causes the alcoholic fermentation, and this Buchner proposes to 
call “ zymase.” As a further luoof of the validity of this theory, he 
found that yeast which had been dried at 37' C. (98.6" F.), and after- 
wards ex[)osed for six hours to a temjauaturc* of too'’ C. (212' F.), by 
which the yeast-cells were killetl, when added to a sterilised solution 
of cane sugar was able to imliice a vigorous fermentation. If, however, 
yeast dried in a similar manner was exposed !o a tem])erature of 140" 
io 145 ’ ( 1 . (284'’ to 293 ’ F,), tlie active ]>rinciple, and with it the fermen- 
tative power of the yeast, were destroyed. 


A [TEND IX K. 

Fermentation in a Vacuum.— In discussing the (piestion as to 
whether the difierence.s in the fermentative powers of the Frohl)erg 
and Saatz yeasts are of a jdiysiological nature nr not, Prior de.'<cribesa 
method of fermentation by means of which the latter yeast may be 
made to ferment a.s much of the reducing portion (apparent malto.se) of 
tlie extract of a wort as the former. In this the fermentation i.s con- 
ducted at a temperature of from 32' to 33' C. (Sq'’ to 91* F.). The luiuid 
undergoing fermentation i.s kept in motion by means of air bubbling 
through it, and the proce.ss is conducted in a ])artial vacuum, the 
conditions lieing so arranged that half the li(piid, wdiich i.s re- 
moved by evaporation every twelve hours, is replaced twice a day 
U’ith .sterili.sed water. The achroodextrin 111 . (p. 164) is, under 
ordinary circumstances, only partially fermented by the Frohherg 
and Sjiatz yeasts, more being lermeiited by the former than by the 
latter ; but," in the vacuum api)aratus, it is com])letely fermented by 
I>oth. Such being the case, Prior considers that any attempt to 

^ BcrichU, xxx. p. ilio. 

* Bayeriiches Brancrjotirnalf 1895, pp. 193 and 326. 
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determine the various constituents of a wort by the fermentation 
powers of various yeasts is futile. In seeking to give a chemico- 
phvsical explanation of the phenomena observed, he states that 
although it is true that a definite carbohydrate is or is not ferment- 
able by a certain yeast, yet it has been shown that there are readily 
and difficultly fermentable bodies, and that their complete fermenta- 
tion is in a great measure dependent on the conditions under which the 
fermentation is conducted, as in the case of the ordinary fermentation 
of a wort, where a ])ortion of the i-eadilv fermentable sugar maltose is 
incompletely fermented in the presence of dextrin. Prior attributes 
this to the arresting influence of the dextrins,^ which, he considers, 
act in accordance with the laws governing the osmotic pressure exerted 
on the cell-walls of the yeast, i>y means of which the assimilation of 
nutritive matters by the yeast is conti-olled. 

^ Batjerischts Brauer journal^ 1896, p. 205. 
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of malt, Nattire of, loi 

Amy Ian, a and /:<, 86 
Amylodextrins, No. I. and II., 74 
Anaerobic organisms, Cultivation of, 
216 

Antiseptics, 483 

Apparatus for counting bacteria on 
plate cultivations, 217 

Pure cultivation, for yeast, 355 

Appert’s method of preserving pro- 
visions, 287 
Asparagine, 37, 99 
Aspartic acid, 100 
Aspergillus oryzae, 264 
Asymmetric carbon atoms, 41 
Atoms, 28 
Attemperators, 448 
Autoclave, The, 208 

Bacillus, the hay, Pure culture of, 
201 

viscosus I. and II., 247 

Backs, Hot and cold liquor, 430 
Bacteria, The, 239 
- — - The acetic acid, 248 

The butyric acid, 246 

- — the cause of acidity in beer, 490 
Excretion in, 243 


Bacteria, The lactic acid, 247 

Locomotion in, 244 

met with in brewing operations, 

The principal, 245 
- — - Methods of obtaining, 200 
— — Microscopic examination of, 200 

, Nutrition of, 242 

Observation of the individuals 

forming colonies of, 214 

Reproduction by fission in, 240 

, Reproduction of, by sporulation, 

i 241 

I Respiration in, 242 

I Secretion in, 243 

i Structure of, 239 

; which can exist in wort, 245 

! which can survive the alcoholic 

■ fermentation, 247 
I Bacteriological methods, 205 
I Bacteriology, Methods of sterilising 
in, 205 

Bacterium termo, 245 
Barley, Average composition of the 
proteids of, 95 

—— Chemical examination of, 417 

Choice of, for malting, 395 

Coldness, Maturity, Mouldiness, 

Damaged corns, 398 

i Colour, Skin, 400 

i Condition of the endosperm, 397 

, - — Germination of, 271, 275 

Growth of, on the malting floor, 

408 

Influence of age on, 397 

I Odour, Size, Weight, Uniform- 

I Hy, 399 

, The proteids of, 92 

I Screening of, 401 

Steeping of, 401 

Testing for transparency, 398 

Tests for the vitality of, 395 

Varieties of, 394 

Vegetative energy and vegeta- 
tive capacity of, 397 

Vitality of, 395 

Barleycorn, Structure of the, 274 
503 
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Barley starch, 65 

Bates’ saccharometer, Principles of 
the construction of, 23 
Beer and its diseases, 490 

Brightness of, 493 

Condition in, 491 

Capacity for producing and 

maintaining a head, 492 

Flavour and aroma of, 490 

Palate- fulness of, 491 

Thinness of llavour in, 492 

turbidity, caused by certain 

wild yeasts, 493 

Beet and cane sugar, Difference be- 
tween, 84 
Betaine, loi 
Bibasic acids, 36 
Biology, Vegetable, 224 
Black beers, Grists for producing, 461 
Boiling, Action of the hop-tannin 
boriies during, 467 

and hopping, 464 

Objects of, 464 

Precautions to be observed in, 

465 

at twice, 466 

Boiling points of some liquids used 
in freezing machines, 14 
Botrytis cinerea, 262 
Bottled ales. Carbonated, 488 

Light, 488 

Strong, 487 

Bottling of ales, The, 487 
Brew, Amount of liquor required for, 
454 

Estimation of the quantity of 

the various materials for the, 453 
Brewery, General arrangement of the 
plant of, 428 
Burton unions, 448 

Cane sugar, Properties of, 83 
Carlsberg flasks, Sterilisation of, 352 
Casks, 451 

Cavendish estimates the products of 
fermentation, 285 
Cellulose, 62 

Cellulose walls of the endosperm. 
Signs of dissolution in, 275 

of the endosperm. Microscopic 

tests for dissolution in, 277 
Chalara mycoderma, 264 
Chaml:)er, The moist, 213 
Chemical constitution, 27 
union, 27 

symbols, 25 1 

Chemistry, with special reference to ! 

the materials used in brewing, 25 ! 

Chlorhydrins, The, 34 


Choline, 10 1 

Cold malt-extract without action on 
starch, 128 

Colloids and crystalloids, 230 
Colonies, Observation of, under the 
microscope, 214 
Combining proportions, 25 
Competition among the organisms in 
a fermenting fluid, 303 
ComjKmnds, Saturated, 28 

Unsaturated, 28 

Conditioning rooms for bottled ales. 
Temperature of, 488 
Configuration of the glucoses, 44 
Cooler, The, 442 
Cooling, 469 

Employment of germ-free air in, 

469 

Copper, The, 439 
Couching, 407 

Crystalloids and colloids, 230 
Cultivation plate. Preparation of, 211 
Culture medium, Preparation of solid, 
209 

Pure, Methods of obtaining, 304 

Cupric oxide reducing power of a 
sugar, 53 

Dematium pullulans, 266 
Density, 15 

Dextrins, Attempts of Brown and 
Morris to purify, 145 

Ling and Baker on, 165 

LIntner and Diill on the, 157 

Molecular weight of, 149 

Ost on the, 157 

Scheibler an(i Mittelmeier on 

the, 155 

Unfermentability of, by the Sacc. 

cerevi»ia;, 147 

Yield of maltose from, 144 

Dextrose, glucose, or grape sugar, 78 
Diastase, Action of, on starch, 122 

Barley, 1 1 1 

Comix)und nature of, 155 

Increase of, during germination, 

404 

of malt, Isolation of, 106 

The multiple nature of malt, 

no 

— — Nature of, 109 
— ^ Osborne’s investigations on, 107 

Osborne’s preparation of, 109 

of secretion, 276 

Test for, 1 10 

of translocation, 277 

without action on maltose, 142 

Diastases or amylolytic enzymes, The, 
105 
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Dilution method of obtaining pure 
cultures, 342 
Disaccharide sugars, 49 
Dressing the gyle, 476 
Dry hopping, 480 
Drying kiln, The, 413 
Drying of malt, The, 414 
Drum pneumatic malting, 41 1 

Elements, Table of the more com- 
mon, 26 
The, 25 

Enzymes or hydrolysis, The, loi 

Action of, similar to that of 

acids, 102 

derived from the albuminoids, 

103 

Purpose of, in nature, 102 

Various inverting, 114 

The various groups of the, 104 

Enzymes, proteolytic, Action of, 165 

Action of, in germination, 279 

Equation, The number eight, 141 
Equations, Transformation from 
higher to lower, 140 
Ethers, Compound, or esters, 36 
Eurotium aspergill us glaucus, 260 
Evaporation, 14 

in a vacuum, 14 

Examination of the air for germs 
(Pasteur), 305 
Excise charges, 470 
Excretion in plants, 228 
in yeast, 234 

Extract per quarter yielded in a 
brew, 471 

Fabroni on fermentation, 286 
Fatty constituents of barley, 88 
Fehling’s solution. Composition of, 51 
Ferment organisms. Presence of, on 
the skins of ripe fruit, 307 
seldom present in the atmos- 
phere, 306 
Fermentation, 280 

Addition of the yeast to the 

wort, 472 

- — Adrian Brown’s experiments on, 
335 

Alcoholic, caused by the mucors, 

255 

Amounts of yeast formed ih, 

339 . 340, 341 

Antiquity of, 280 

“ — Brefeld’s views on, 327 

The butyric acid, 316 

The cleansing system, 477 
The dropping system, 479 
Energy of, 365 


Fermentation experiments conducted 
with different amounts of air 
(Pasteur), 319 

experiments with inorganic 

nitrogenous substances, 315 

Extension of Pasteur’s theory 

on, to every living cell, 325 

Hoppe-Seyler’s theory of, 334 

Importance of aeration in, 322 

Lactic acid, 315 

Meyer’s theory on, 327 

Niigeli’s moleculo - physical 

theory of, 330 

Pasteur’s experiments on, 314 

Pasteur’s theory of, 323 

is a phenomenon of nutrition, 

Pasteur’s theory that, 3 1 7 

The physiological or vital theory 

of, 292 

and putrefaction, 243 

Schutzenberger’s views on, 328 

Secondary, 481 

The skimming system, 478 

The stone square system, 479 

Temperatures at which it is con- 
ducted, 476 

Views on, during the period of 

the Alchemists, 281 

during the period of latro- 

chemistry, 282 

during the period of the founda- 
tion of modern chemistry, 285 

during the age of phlogiston, 284 

Fermentative enqjrgy of yeast, Hay- 
duck's apparatus for determining, 

365 

Fermenting vessels, 444 
Ferments, Many of the mould fungi 
arc able to act as, 317 
Filters, Air, 357 
Fining, The conditions of, 485 

of beer, The. 483 

Finings, The acids used in making, 
484 

Manufacture of, 484 

■ The methods of using, 486 

The quantities of, recpiired, 486 

Fire-coppers, 440 
Flask, The Carlsberg, 351 
Floating matter in the air. General 
conclusions concerning, 312 
Morris’s investigations on the, 

313 

Frankland’s method of investi- 
gating the, 31 1 

Hansen’s method, 311 

Hueppe’s method, 31 1 

Koch’s method, 310 

Miquel’s method, 31 1 
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Floating matter in the air, Miquel on 
the, 310 

Petri’s method of investigating 

the, 31 1 

Flooring of malt, 407 
Fructose, laevulose, or fruit sugar, 81 
Fruit immersed in carbon dioxide 
produces alcohol, 325 
Fungus formed and sugar decom- 
posed, Relation of, in fermenta- 
tion, 318 
Furfural, 87 

Gay-Lussac, on fermentation, 2S7 
Gelatinisation of starch, 69 

temperatures of the different 

starches, 70 

Gelatin-meat broth, Objections to, 
in air analysis, 31 1 
Germ, Parasitic natiire of, 278 
Germination of barley, 403 
First signs of enzymic action in, 

275 

Increase of acidity during, 406 

Proteid.s of barley become sol- 
uble during, 406 

Germs present in the atmosphere, The 
origin and distribution of, 305 
Gliadin. 91 
Globulin.s, 91 
Glucase, 112 
Glucose, 47 

characteristic.s of, 80 

constitution o|. Si 

grape sugar, or d' Xtrose, 78 

Preparation of, 78 

Glutamine, 38, 100 

Glutaric acid, 100 

Gluten group, 95 

Glutenin, 92 

Glycogen, 119 

Granulose, Starch, 68 

Grape sugar, glucose, or dextrose, 78 

Griessmayer’s dextrin.s, 123 

Grist case. The, 434 

Gum, 87 

H^fLMATlMETER, Methorl of using, 
for counting yeast cells, 335 
Half-shadow polarimeter of Schmidt 
and Haensch, 59 
Hanging-drop method, 199 
Hansen’s apparatus, method of work- 
ing. 357 

system of pure yeast culture. 

Advantages of, 360 
Hardness of water, Clarke's test for, 
372 

Heaping up of malt, 416 


Heat, 3 

capacity or specific heat, 10 

Conduction of, 3 

Convection of, 4 

Definition of, 3 

Expansion by, 5 

Radiation of, 5 

— — of solidification. Latent, 12 

of vaporisation. Latent, 13 

• unit of, 10 

Hemi -organisation theory of Fremy 

307 

Heptose, 50 
Hop back. The, 442 

plant. The, 171 

Hopping, Dry, 480 
Hops, 170 

Addition of, to wort in copper 

464 

Alkaloids of, 176 

Ritter principles of, 174 

Chemical constituents of, 173 

Chemical analysis of, 177 

Diasta.se of, 177 

Drying and sulphuring of, 173 

Essential oil of, 173 

The resins of, 174 

The tannin of, 175 

Valuation of, 172 

Varieties of, 172 

Hordein, 91 
Hydrazones, The, 39 
Hydrometer, Principles of the cor 
struction of, 18 

Hydrometers indicating directly d« 
grees of specific gravity, 20 

indicating percentage of sut 

stance in solution, 22 
indicating pounds per barrel, 2 


Inactive series into the L. and 1 
series, Resolution of, 47 
Incubator, The, 213 
Invert sugar, 84 

Preparation of, 85 

Properties of, 85 

Isinglass, 484 

^ The condition of the, in fining 


Isomaltose, Brown and Morris 01 
160 


Characters of, 1 53 

Discovery of, 15 1 

Investigations of Ling and Bak( 

on, 158 

Lintner’s rejoinder to Messr 

Brown and Morris on, 161 

Ost’s investigations on, 16 1 

Preparation of, 152 
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Kainit, Composition of, 379 
Ketones, The, 33 
Ketoses, The, 34 

Kilning process, Changes effected 
during the, 415 

Laccase, 1 12 
Lactic acid, 35 
Lactobionic acid, 50 
Lactones, The, 35 

Laivulose, fructose, or fruit sugar, 81 

Preparation of, 81 

Properties of, 82 

Laurent polarimeter, 57 
Lavoisier, on fermentation, 286 
Law of definite relation, 143 
Lecharticr and Bellamy’s experiments 
on self-fermentation in fruit, 325 
Leucine, icx) 

Liebig, Views of, on fermentation, 
2S9 

Loose pieces, 447 

Maize, The proteids of, 96 

Maize starch, 66 

Malt, Black or roasted, 419 

Care in grinding, 433 

Chemical examination of, 422 

■ Diastatic power of, 4. ’4 

Germinated bailey, 419 

The nitrogenous constituents of, 

169 

— — The proteids of, 96 

Ready-formed sugars of, 426 

ISpecilic heat of, 10 

Storage of, 416 

substitutes, 418 

Valuation of. 420 

Malt-exlract, Action of, on starch in 
the cold, 129 

Temperatures at which the 

various starches dissolve in, 128 
Malt-mill, The, 431 
Malting, 4CX) 

Pneumatic, 409 

Maltobionic acid, 50 
Maltodextrin of Brown and Morris, 
146 

- — of Hertzfeld, 147 

Unferment abilit y of, by the Sacc. 

cerevisim, 147 
Maltol, 427 

Maltosazone, 78 ^ 

Maltose, 75 

Action of yeast on, 77 

— - Characteristics of, 76 

— — Constitirtion of, 78 

■ — Discovery and re-discovery of. 


Maltose, Hydrolysis of, 77 

Preparation of, 75 

Mannose group, 46 
Mash, Dead, 463 

Second, 459 

Time of standing on, 458 

Mash-liquor, Addition of hardening 
materials to, 455 

Heating of the, 455 

Mash-tun, The, 434 
Appliances for raising the tem- 
perature of, 438 

Mashing, Allowances for specific heat 
of malt, II 

Clinch’s hot grist, 460 

Employment of prepared mate- 
rials in, 461 

Limited decoction method of, 

460 

- — machines, External, 436 

The operation of, 457 

iSystem of using large amounts 

of raw grain in, 461 

Temperature of, 456 

Use of subsidiary apparatus in, 

459 

Meat-broth gelatin. Preparation of, 
209 

Melibiase, 113 

Mercury used in experiments may be 
a source of bacterial contamina- 
tion, 309 

Metaiualtose, 164 
Micro-chemical Reagents, 19 1 
Microscope, The, 179 
- — Choice of, 189 

The diaphragms of. 184 

- — - Drawing apparatus for the, 191 

Eye pieces for, iSS 

Illuminating apparatus for, iSS 

Illumination of, 190 

Interpretation of objects seen 

under, 192 

Nose-piece of, 183 

Objectives for, 185 

The stage of the, 183 

The sub-stage of the, 184 

Microscopes, Description of, iSOj 
Microscopic cover-glasses. 19 1 

gla.ss slips, 19 1 

Microscopical manipulation, 192 
preparation, Conversion of tem- 
porary into permanent, 204 

the stained cover-glass, 205 

staining tluids, 192 

Mineral food of plants, 229 
Miquel’s experiments on the lloating 
matter in the air, 310 
Modification of endosperm, 403 
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Molecular weight, determination of, 

55 

Molecules, 28 
Monilia Candida, 268 
Mould fungi, Danger of, to brewing 
premises, 268 

fungi, may act as ferments, 317 

fungi, The, 250 

Mucor circinelloides, 255 

erectus, 255 

mucetlo, Growth of, 250 

mucedo. Nutrition of, 253 

mucedo, Sexual reproduction in, 

252 

mucedo, Sporulation of, 252 

racemosus, 254 

spinosus, 255 

stoloniferus, 255 

Multicellular organisms, Simple, 256 
Musculus and Gruber's dextrins, 132 
Mycoderms, The, 239 

Nascent state, 29 
Nonose. 51 
Nuclein, 121 

Objectives, Microscopic, 185 
Octo.se, 50 
Oidium lactis, 265 
luj)uli, 265 

Opticity or specific rotatory power, | 
60 

Osazones, The, 39 
Osmosis, 229 
Osones, The, 41 

O’.Sullivan, on the dextrins, 124 
O’Sullivan’s equation A, 130 

equation B, 13 1 

— — equation C, 131 

investigation on the action of 

dia.stase on starch, 126 
Oven, The hot-air, 206 
Oxalic acid, 35 

Parachute, The, 449 
Pa.steur flask, The, 2f,8 
Pa.steiir’s investigation.s on spontane- 
ou.s evolution, 297 
Pectin, 8S 

Penicilliurn glaucurn, 256 

Growth of, 256 

Respiration and nutrition in, 

259 

Sexual reproduction in, 258 

Percentage of extract on the malt 
yielded in a brew, 47 1 
Petri dishes, 215 
Phenyl hydrazine, 38 
Piece liquor, 458 


Piece liquor. Allowances for specific 
heat of, in mashing, ii 
Plants, Substances produced in the 
different cells of, 271 

The higher, 270 

Plate-cultivation method, 343 

Koch's, Hansen’s modification 

of, 343 

Pneumatic malting, 409 

Advantages of, 412 

Polariraeter, The, 57 
Potato-starch, 66 
Pouchet’s experiments, 309 
Pounds per barrel to specific gravity, 
Relation of, 21 

I Preparation, The impression, 215 
I Preservation of fermentable fluids in 
1 Pasteur flasks, 309 
j Previous sewage contamination of a 
I water, 386 

■ Priming of beer when in cask, 482 
j Proteid group.s, The various members 
I of the, 91 

j Proteids or albuminoids. The, 89 

I Action of pepsin on, 166 

' - — - Action of the proteolytic 

enzymes on, 165 

Action of trypsin on, 168 

Effects of hydrolysis on, 91 

Formation of, in plant.s, 227 

General reactions of, 90 

of barley. The isolation of, 92 

of malt. Coagulation tempera- 
tures of, 98 

Molecular constitution of, 90 

Proteoly.sis during germination of 
barley, 16S 

Protococeus pluvialis, 224 
Ihitrefaction, 243 

Racking off of the finished beer, 480 
Ricking squares, 451 
Raffino.se, 86 

Rikes or internal mashing machine, 
The, 436 

Raoult’.s method for determining 
molecular weightj^, 55 
Reaction of medium determines the 
cla.ss of organism developing in it, 
302 

j Refrigerating, 469 
I Refrigerators, 442 
I Relation, The law of definite, 143 
i Reproduction in the Protococcu.s, 231 

I of yeast by budding, 235 

: Respiration of barley during germina- 
! tion, 405 

‘ in plants, 228 

in yeast, 234 
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Rice-starch, 66 

Rootlets, methods of keeping root- 
production down, 405 

Removal of, 416 

Ropiness in beer, Causes of, 495 
Rousers and aerators, 451 

Saccharometer, Bates’, 23 
Saccharomyces apiculatus, 237 
Salts of organic acids, 36 
Sarcinae, The, 249 

Influence of, in producing dis- 
ease in beer, 494 
Saturated compournls, 28 
Schiflferer’s experiments on starch 
transformation, 153 
Schizo-saccharotnycetes, The, 238 
Schroder and Dusch, Invention of 
cotton-wool air-filter by, 295 
Schulze’s experiments on spontaneous 
evolution, 295 

Schwann, on fermentation, 293 
Secondary fermentation, 481 
Settling after fermentation, 480 
Soluble starch, Preparation of, 72 

Properties of, 73 

Solution factor, 53 
Sparging, 462 
Specific gravity, 15 

gravity bottle, 17 

gravity to pounds per barrel, 

Relation of, 21 

Specific gravities of gases, Methods 
of obtaining, 16 

of liquids. Methods of obtain- 
ing. 17 

of solids, Methods of obtain- 
ing, 16 

Specific heat, 10 

Specific rotatory power or opticity, 60 
Spontaneous evolution, The doctrine 
of, 294 

Sporulation of yeast, 235 
Sprinkling of growing barley, 408 
Stahl, on fermentation, 284 
Starch, 64 

Action of acids on, 70 

Action of diastase on, 122 

Action of malt-extract heated to 

104“ F., on, 136 

Action of malt-extract heated to 

122'’ F., on, 136 

— — Action of malt-extract heated to 
140’ F., on, 137 

- — Action of malt-extract heated to 
*5*“ P., on, 138 

— — Action of malt-extract heated to 
temperatures higher than 151“ F., 

139 


Starch, Action of malt-extract which 
had been heated to various tempera- 
tures, on, 135 

Action of neutralised malt-ex- 
tract on, 139 

Behaviour of, with iodine, 68 

bruised. Action of diastase on, 

1 34 

Characteristics of, 64 

Composition of, 67 

of the endosperm. Solution of 

the, 276 

Effects of micro-chemical re- 
agents on, 196 

Formation of, 65 

Gelatinisation of, 69 

Molecular weight of, 149 

Ost’s conclusions on the action 

of diastase on, 162 
— — soluble, 72 

The molecular transformations 

of, 140 

unruptured, Diastase has no ac- 
tion on, 134 
Starch cellulose, 63, 67 

j conversions. Influence of tem- 

I perature on, 129 

j Investigations of Brown and 

Heron on, 133 

; - degradation, Mittelmeier’s views 

on, 163 

gelatinised, Action of malt ex- 
tract in the cold on, 135 

granules, Microscopic characters 

of, 65 

molecule. Brown and Morris’s 

liypothesis of the breaking down 
of the, 148 

molecule, Brown and Morris’s 

second hypothesis, 150 

molecule. Constitution of, 70 

transformation, Investigations 

of Brown and Morris on, 142 

transformation. Views of Mus- 

culus and Gruber on, 132 
transformation products, Cri- 
terion of purity of, 143 
transformations, Table of equa- 
tions for (Brown and Heron), 14 1 
Starches, Microscopic examination of 
the, 195 

Steam, Heating power of, 13 
Steam-Copper, 441 
Steep-water, Change of, 402 

Quality of, 402 

Steeping, Changes taking place dur- 
ing, 403 

Signs of proper, 402 

i Stereoisomerides, Optical, 41 
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Stereoisomerism, Cause of, 41 
Steriliser, The steam, 208 
Sterilisation, Influence of reaction of 
fluid in, 301 

Organic fluids of different con- 
stitution require varying tempera- 
tures to effect their, 301 
Sterilising by direct heat of flame, 
206 

Stone square, The, 445 
Substances containing two or more 
asymmetric carbon atoms, 43 
Succinic acid, 36 

Sugar determinations. Tables for, 52 
— - Estimation of, by Fehling’s 
solution, 51 

Formation of, in living plants, 

gronp, Constitution of, 45 

Sugars, Cupric reducing powers of, 

53 

Synthetic Sugars, 48 

Taps, setting, 462 
Termobacteria, The, 245, 246 
Thermometer, The, 6 

Directions for using, 9 

Graduation of, 6 

Manufacture of, 6 

Sources of error in, 8 

Various scales of, 7 

Thermometric scales, Conversion of 
the readings of, into each other, 8 
Thermostat, The, 207 
Torulaj, The, 239 

Transformation of micro-organisms, 

Traube, Views of, on fermentation, 
291 

Turning out of the copper wort, 468 
Tyndall’s experiments on the floating 
particles in the air, 299 
Tyrosine, 100 

Underback, wort in, 464 
Underlet, 458 

Valency, 26 
Vats and casks, 451 
Vemine, 10 1 
Vessel, Collecting, 443 
Vessels, Fermenting, 444 

for primings, «c., 443 

Vitality, Dormant, 231, 274 
Vitellins, 91 
Volumeters, 20 

Water, 367 

Bacterial examination of, 216 


Water, Hardness of, 372 
- — ■ Occurrence of, 367 
Water analysis, process of Wanklyn, 

3S7 

analysis. Behaviour of water 

residues on ignition, 389 

analysis. Chlorine viewed from 

an organic standpoint, 389 

analysis, Comparison of the 

results by the Wanklyn and Frank- 
land processes, 387 
analysis, Determination of oxy- 
gen absorbed, 388 

analysis, microscopic examina- 
tion of the sediment, 392 
analysis, Frankland’s com- 
bustion process, 384 

analysis, Heisch’s sugar test, 391 

analysis. Nitric acidand nitrates, 

388 

analysis, nitrogen existing as 

nitrites, 388 

analysis, ])hosphoric acid, 38 ) 

analysis, Views of Matthews and 

Lott on Heisch’s test, 392 

analyses, Statements of the 

results of, 370 
Water, Rain, 369 

Well and spring, 369 

General constituents of, 370 

Waters adapted for producing pale 
ales, 375 

considered from an organic 

point of view, 382 

fitted for mild ales, 376 

Hansen’s method of the bacterio- 
logical examination of, 218 

Influence of boiling on some, 382 

Influence of filtration on, 383 

suitable for black beer, 376 

unfitted for brewing purposes, 

381 

with respect to the geological 

formation of the district, 372 
Waters, brewing. Artificial treatment 

of, 376 

considered Inorganically, 373 

Removal of iron from, 381 

Waters, filtered. Biological examina- 
tion of, 218 

Waters, natural. Impossibility of 
artificially imitating, 371 
Waters, polluted, Microscopic objects 
met with in, 200 
Wheat-starch, 66 

Wichmann’s method of examining 
waters bacteriologically, 221 
Wine manufacture in the Jura, 318 
Wine yeast, Apparent origin of, 267 
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Withering during the malting pro- 
cess, 409 

Wort, Collection of the, 470 
Wort, Return, 462 

Yeast, Amount of air absorbed by, 
during growth, 322 

Amounts of nitrogenous matter 

removed from wort by, 365 

for analysis, Time for taking, 362 

— - Analysis of, by Hansen’s method, 

361 

Appearance of the heads during 

fermentation, 477 

Arrangements for the removal 

of, 449 

Chemical composition of, 114 

Changes of, 474 

Choice of, for pitching, 472 

Cultivation of, under free ex- 
posure to air, 321 

Development of, by budding, 293 

Differences in the behaviour of, 

with raflinose, 364 

Differences in the fermenting 

power of, 362 

Differences in the attenuative 

powers of, due to the enzymes 
secreted, 363 

Differences in the action of the 

various species of, 362 

Differences in fermenting 'power 

of, at various ages, 321 

Differences in the properties of 

the various kinds of, 350 

Differences in the reproductive 

powers of, 365 

Different quantities of acid pro- 
duced by, 364 

Different enzymes secreted by, 

364 

Distinction of the different varie- 
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